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JOINT APPENDIX 


[Filed Sept. 26, 1955] 
IN THE UNITED STATES DISTRICT COURT 


FOR THE DISTRICT OF COLUMBIA 


James W. Martin 
126 Brookdale Drive 
Crestwood, Tuckahoe, New york 


Frederick A. Hessel 
100 Clarewill Avenue 
Upper Montclair, New Jersey 


Civil Action No. 4241-55 


John B, Rust 
Silver Street, RD #2 
Coventry, Connecticut 


Irving P. Hammer 
P. O. Box 179 
Montclair, New Jersey 


Plaintiffs 
vs. 


Robert C. Watson 
Commissioner of Patents 
United States Patent Office 
Washington, D. C. 


Defendant 


CIVIL ACTION TO OBTAIN PATENT 

1. This is an action to obtain letters patent under Title 35 
U.S.C. 145. No appeal has been filed in the United States Court of 
Customs and Patent Appeals under Title 35 U.S.C. 141. 

2. James W. Martin, Frederick A. Hessel, John B. Rust, and 
Irving P. Hammer, plaintiffs, are citizens of the United States, and 
residents respectively of Tuckahoe, New York; Upper Montclair, New 
Jersey; Coventry, Connecticut; and Montclair, New Jersey. 
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3. Robert C. Watson, defendant, is the Commissioner of 
Patents of the United States, and an official resident of Washington 
in the District of Columbia. 

4. On the 30th day of June, 1949, plaintiffs duly made appli- 
cation in writing in the United States Patent Office for grant of letters 
patent entitled "Recovery of Hydrocarbons" which application was given 
Serial No. 102, 306. 

: 5. Said application for patent contains claims to which plain- 
tiffs believe themselves to be entitled, to wit, claims numbered 1, 2, 
5, 7, 15, 23, 24, 31, 32, 33, 38 and 41 to 46 inclusive, said claims 
being set out verbatim in the brief filed in due course by the plaintiffs 
before the Board of Appeals of the United States Patent Office in the 
Patent Office proceedings with respect to said application, as will 
more fully and at large appear from a certified copy of such Patent 
Office proceedings ready in Court to be produced. 

: 6. Said application for patent was examined by the Examiner 
in charge thereof who finally rejected said claims on the 25th day of 
June, 1953; and an appeal was duly taken to the Board of Appeals of 
the United States Patent Office on the 24th day of December, 1953. 

7. On the 29th day of July, 1955, the Board of Appeals rendered 
its decision affirming the rejection of the claims by the Examiner. 

8. The defendant refuses’ to grant letters patent to plaintiffs 
including the claims aforesaid. 

9, Wherefore plaintiffs demand that this Honorable Court ad- 
judge that plaintiffs are entitled to receive a patent for the invention 


of said application and for such other and further relief as is just. 


/s/ Sol Shappirio 

Attorney for Plaintiffs 

Washington Loan & Trust Building 
Washington 4, D. C. 
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[Filed September 26, 1955] 
IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA | 


James W. Martin 
126 Brookdale Drive 
Crestwood, Tuckahoe, New York 


Frederick A, Hessel 
100 Clarewill Avenue 
Upper Montclair, New Jersey 


John B. Rust : Civil Action No. 4242-55 
Silver Street, RD #2 : | 
Coventry, Connecticut 


Irving P. Hammer 
P. O. Box 179 
Montclair, New Jersey 


Plaintiffs 
vs. 


Robert C. Watson 
Commissioner of Patents 
United States Patent Office 
Washington. D. C. 





Defendant 


CIVIL ACTION TO OBTAIN PATENT | 


1. This is an action to obtain letters patent under Title 35 
U.S.C. 145. No appeal has been filed in the United States Court of 
Customs and Patent Appeals under Title 35 U.S.C. 141. 

2. James W. Martin, Frederick A. Hessel, John B. Rust, and 
Irving P. Hammer, plaintiffs, are citizens of the United States, and 
residents respectively of Tuckahoe, New York; Upper Montclair, New 
Jersey; Coventry, Connecticut; and Montclair, New Jersey. 

3. Robert C. Watson, defendant, is the Commissioner of Patents 
of the United States, and an official resident of Washington in the 
District of Columbia. ! 
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4. On the 6th day of July, 1949, plaintiffs duly made appli- 
cation in writing in the United States Patent Office for grant of letters 
patent entitled "Hydrocarbon Recovery From the Earth" which appli- 
cation was given Serial No. 103, 236. 

5. Said application for patent contains claims to which plaintiffs 
believe themselves to be entitled, to wit, claims numbered 1, 2, 3, 5, 
11, 17, 18, 20, 21, 25, 35, 37, and 42 to 46 inclusive, said claims 
being set out verbatim in the brief filed in due course by the plaintiffs 
before the Board of Appeals of the United States Patent Office in the 
Patent Office proceedings with respect to said application, as will 
more fully and at large appear from a certified copy of such Patent 
Office proceedings ready in Court to be produced. 

6. Said application for patent was examined by the Examiner 
in charge thereof who finally rejected said claims on the 30th day of 
June, 1953; and an appeal was duly taken to the Board of Appeals of the 
United States Patent Office on the 30th day of December, 1953. 

7. On the 29th day of July, 1955, the Board of Appeals rendered 
its decision affirming the rejection of the claims by the Examiner. 

8. The defendant refuses to grant letters patent to plaintiffs 
including the claims aforesaid. 

9. Wherefore plaintiffs demand that this Honorable Court ad- 
judge that plaintiffs are entitled to receive a patent for the invention 
of said application and for such other and further relief as is just. 


/s/ Sol Shappirio 
Attorney for Plaintiffs 


Washington Loan & Trust Building 
Washington 4, D. C. 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 
[Filed November 15, 1955] 


JAMES W. MARTIN, FREDERICK 
A. HESSEL, JOHN B. RUST and 
IRVING P. HAMMER, 

Plaintiffs 


Vv. ’ Civil Action No. 4241-55 


ROBERT C. WATSON, 
COMMISSIONER OF PATENTS, 
Defendant 


Clarence W. Moore, Solicitor, 
United States Patent Office, 
Washington 25, D. C. 
Attorney for Defendant. 


ANSWER TO THE COMPLAINT 
To the Honorable the Judges of the United States District Court for the 
District of Columbia. | 


1, 2, 3, 4, 5. The defendant admits the allegations of paragraphs 
1 to 5, inclusive, of the complaint. 

6. He denies that, on the 25th day of June, 1953, the examiner 
in charge of plaintiffs’ application, Serial No. 102, 306, finally rejected 
claim 32 of that application, but admits that said examiner then finally 
rejected claims 1, 2, 5, 7, 15, 23, 24, 31, 33, 38, and 41 to 46, in- 
clusive, of the application. He also admits that an appeal was duly 
taken to the Board of Appeals of the United States Patent Office on the 
24th day of December, 1953. i 

7. He admits that, on the 29th day of July, 1955, the Board of 
Appeals rendered its decision affirming the rejection of the claims by 
the examiner. He denies that claim 32 of plaintiffs’ application, Serial 
No. 102, 306, was included in such affirmance. ! 

8. He admits the allegation of paragraph 8 of the complaint. 
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9. Paragraph 9 of the complaint being a prayer, no answer is 
made thereto. 

FURTHER ANSWERING, the defendant states that claim 32 of 
plaintiffs' application here involved stands withdrawn from prosecution, 
because it is not readable on the elected species, and that plaintiffs are 
not entitled to a patent containing any of claims 1, 2, 5, 7, 15, 23, 24, 
31, 33, 38, and 41 to 46, inclusive, of said application, for the reasons 
given and in view of the references cited in the examiner's Final Re- 
jection, the Examiner's Statement, and the decision of the Board of 
Appeals in said application. Profert of copies of the said final re- 
jection, statement, decision, and references is hereby made. 

; Respectfully submitted, 
/s/ C. W. Moore 


Solicitor, U.S. Patent Office, 
Attorney for Defendant 


November 14, 1955 


[ Certificate of Service] 


[Filed November 15, 1955] 
UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 
JAMES W. MARTIN, FREDERICK A. 
HESE=L, JOHN B. RUST and 
IRViNG P. HAMMER 
Plaintiffs 
v. : Civil Action No. 4242-55 


ROBERT C. WATSON 
COMMISSIONER OF PATENTS 


Defendant 


Clarence W. Moore, Solicitor, 
United States Patent Office, 
Washington 25, D. C. 
Attorney for Defendant 
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ANSWER TO THE COMPLAINT ! 
To the Honorable the Judges of the United States District Court for the 


District of Columbia. 


1, 2, 3, 4, 5, 6, 7, 8. The defendant admits the allegations of 
paragraphs 1, 2, 3, 4, 5, 6, 7 and 8 of the complaint. 

9. Paragraph 9 being a prayer, no answer is made thereto. 

FURTHER ANSWERING, the defendant states that the plaintiffs 
are not entitled to a patent containing any of the claims here involved 
for the reasons given and in view of the references cited in the ex- 
aminer's Final Rejection, the Examiner's Answer and the decision of 
the Board of Appeals in the application here involved and the decision 
of the Board of Appeals in the plaintiffs’ companion application, Serial 
No. 102,306, filed June 30, 1949, involved in companion Civil Action 
No. 4241-55. 
Respectfully submitted, 


/s/ C. W. Moore 
Solicitor, U.S. Patent Office 
Attorney for Defendant 


November 14, 1955. 


[Certificate of Service] 
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EXCERPTS FROM TRANSCRIPT OF PROCEEDINGS 


Washington, D. C., 
Wednesday, June 12, 1957. 


The above-entitled matter came on for trial before the Honorable 
RICHMOND B. KEECH at 10:00 o'clock a. m. 
APPEARANCES: 
On behalf of the plaintiffs: 
SOL SHAPPIRIO, Esq., 
On behalf of the defendant: 


JOSEPH SCHIMMEL, Esq. 
(Patent Office) 


* aK * x * oa cs 

Tx. = MR. SHAPPIRIO: If the Court please, I think I ought to explain 
first that there are two actions here that are very closely related and 
have original applications filed very close together in the Fatent Office. 

The decisions in the Fatent Office have been based on the same 

prior art and considerations. The Board of Appeals in its decision in 
the second case pointed out that the principal contention in the two 
cases is substantially identical; and for the issues as we shall present 
them to this Court, we shall keep them so close together that it would 


be, it seems to me, worthless to try to have two records. We thought 


possibly we could use one record. As a matter of fact, everything 
that we shall talk about is included in one of the cases, but the formal 
claim and the subject matter claimed is slightly different in the second 
case but depends upon the same issue of patentability, the same prior 
art. 

THE COURT: Mr. Schimmel, do you concur in that, sir? 

MR. SCHIMMEL: I understand that there will be some claims 
in the second case that might make that correct, but as it stands at the 

. 4 moment there is another issue in the second case that is not in 

the first case. 
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MR. SHAPPIRIO: That is being eliminated. As a matter of 
fact we shall have boiled the case down to just a few claims in each 
case where the issue eliminates all formal questions, such as whether 
the claims are too broad, or things of that character. : 

THE COURT: Suppose you at this point put on the record what 
you are eliminating, and then we can ask Mr. Schimmel if with the 
eliminations he is in a position to say that one record i do for the 
two cases. | 

MR. SHAPPIRIO: Your Honor please, in the first action, 4241-55, 
we are limiting the issue to just four claims which’ are directed at the 
particular features we emphasize for the patentability, and eliminate 
all other questions as to breadth of claims. | 

The only question that I think will be before the Court will be the 
question of patentability over the prior art. | 

THE COURT: What claims are you seeking patents for? 

MR. SHAPPIRIO: The claims in the first action will be Claims 
1, 2, 5 and 32; the three latter claims depend from Claim 1 and are 
easily seen to be directed to particular phases of the same subject 
matter as Claim 1. There is really no different issue presented to 


the Court in those claims. 


In the second action the claims will be Claims 3, : 5 and 35, and 


no other claims. | 

MR. SCHIMMEL: [I am just questioning Claim 35 in the second 
action because my record shows that is rejected on undue breadth. 

MR. SHAPPIRIO: Let us take that out, because I did not want 
to raise any of those formal claims. 

THE COURT: I will understand that in 4241- 55 y you seek Claims 
only 3 and 5? 

MR. SHAPPIRIO: Yes, sir. 

THE COURT: All right, sir. 2 

Is there any other elimination or limiting that you have in mind? 

MR. SHAPPIRIO: No, sir. 
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THE COURT: Now with the statement made by Mr. Shappirio, 
have you anything to say as to his original statement, Mr. Schimmel? 
MR. SCHIMMEL: I think that now will restrict the issues in 
both cases as to patentability over the prior art; that is correct. 

THE COURT: That is the intention. 

All right, sir; then we can proceed on that basis. 

* * * * * * * 

TY, 15 THE COURT: Mr. Schimmel. Did you give the Court a copy 

of the claims? 

MR. SHAPPIRIO: No, [have not. I was going to introduce them 
as exhibits and mark them as exhibits, but there is no reason why the 
Court cannot have them. 


(Claims in 4241-55 were marked 
Plaintiffs Exhibit No. 1.) 


(Claims in 4242-55 were marked 
Plaintiffs Exhibit No. 2.) 


Tr. 16 (Patent Office wrapper in 4241-55 
| was marked Defendant Exhibit No. 1.) 
* * * aK * * * 
Tr. 24 MR. SHAPPIRIO: I would like to call Mr. Martin. 


THE COURT: Have you introduced the official record? 

MR. SHAPPIRIO: Not yet. , 

THE COURT: Suppose you get that behind you, if it is 
convenient now, Sir. 


(File wrapper No. 102,306 was 
marked Plaintiffs Exhibit No. 3 
and received in evidence. 


(Plaintiffs Exhibits 1 and 2 were 
received in evidence. ) 


(File wrapper No. 103, 236 was 
marked Plaintiffs Exhibit 4 and 
received in evidence. ) 

MR. SHAPPIRIO: I take it, Your Honor, that the claims are 


being treated as Exhibits 1 and 2 respectively ? 





ag. 
THE COURT: That is correct, sir. 4241 being Exhibit 1, and 
4242 being Exhibit 2. : 
Thereupon 
JAMES W. MARTIN | 
was called as a witness on behalf of the plaintiffs and, being duly sworn, 


was examined and testified as follows: 
DIRECT EXAMINATION 
BY MR. SHAPPIRIO: 

Q. Mr. Martin, will you please state your full 1 name, age, and 
residence, please? A. James Wellford Martin, age 65, and reside 
at Tuckahoe, New York. | 

Q. What is your occupation? A. Iam now an officer in the 
Oil Recovery Corporation. I am vice president. | 

Q. What are your duties there? A. As engineer. 

Q. Will you be somewhat more explicit as to what your duties 
involve in that capacity? A. My duties involve the handling of all 
engineering matters, the research, development in finding property 
Suitable for the application of the process; all —_ of an engineering 
nature come into my province. : 

Q. Would you tell us something of your education and experience, 
particularly with reference to the matters involved in these actions. 

Tr. 26 A. Well, I was educated at the University of Virginia. I have 
acted as a chemist and a chemical engineer with several large corporations. 
I am a professional licensed engineer in the State of New York. I have 
been in charge of the research work upon which these patents were made. 
I have spent a great deal of time in the oil fields. : 

I was in charge of actually applying carbon dioxide to the oil fields. 

THE COURT: You say "applying''? : 

THE WITNESS: Applying it, yes. , 

BY MR. SHAPPIRIO: 

Q. About how long have you been concerned with the development 

invol-ed in these actions, in these particular processes? A. These 


particular processes, since 1947. 





Tr. 27 


Tr. 28 
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Prior to that I was in the field of carbon dioxide since 1924. I have 


had experience since 1924 in the manufacture and use of carbon dioxide. 

Q. Do you keep up in any way with the literature on the subject 
particularly concerned with in this action? A. Yes, I take and have to 
read about ten periodicals pertaining to oil field work, and Iam accumu- 
lating a library. It is necessary for me to read many new books. It is 
necessary for me to read all patents that are issued in this particular 
field, the field of secondary recovery of oil. 

Q. Will you please tell the Court something generally about the 
nature of the occurrence of oil in the ground? A. Oil occurs natively 
in the ground in porous strata. The strata is a rock with the porosity 
and permeability of an ordinary building brick. 

Q. Let me interrupt you. I would like to show you a picture as 


it has been given in connection with oil occurrence, which I think will 


help in understanding what you are talking about. I will offer this. 
THE COURT: Plaintiffs Exhibit 5. 


(Page 44 of "Oil Field Exploitation" 
was marked Plaintiffs Exhibit 5.) 


MR. SHAPPIRIO: It is a common reference in the industry. 
THE WITNESS: Figure 24 is a diagramatic sketch that illustrates 
how the oil is contained within this porous rock that I was speaking of. 


This picture depicts the free draining oil; that is, all oil that comes out 
in the primary recovery has drained out of the rock. It indicates that 
the pores in the rock are largely occupied by gas; the oil that remains 


in the rock is substantial and adheres to the rock and in fact it is 
soaked into the rock. 

These little small lines, black lines, indicate where the oil has 
actually penetrated into the crystals of the rock, so that you have oil 
adhering to the surfaces and actually soaked into the solid matter of 
the rock. , 

It is this type of an oil-soaked rock through which we would pass 
the carbon dioxide in attempting to force this remaining oil out of the 


rock. 


an rin 


Tr. 29 
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To explain why there is such a large area shown as gas in com- 
parison to the amount of oil, although we know that the amount of oil 
that flows, that drains out of the rock is the smaller portion, the oil 
that originally was in this rock was swollen because of a gas that was 
dissolved in it. Therefore it occupied a much larger space than does 
this oil which has shrunken through a loss of a gas but in what is known 
as stock tank oil. That is oil of the same volume that you get at the top 
of the ground, the oil that remains here attempts to indicate a large 
proportion of the oil that was originally in these pores. 

BY MR. SHAPPIRIO: | 

Q. I show you a specimen of rock, and would you identify what 
this material is? A. This is what is known asa core. This is a 
sample of the rock from which oil is obtained. This particular sample 
was taken in northern Oklahoma. I was present when it was taken, and 
it was at that time exuding oil because of this pressure that was in it. 
It now, you will notice, is still oil-soaked and still smells of crude oil. 
This is a fairly good average sample of rock from which oil is obtained. 

MR. SHAPPIRIO: If Your Honor please, I would like to offer this 
as Exhibit 6. 

MR. SCHIMMEL: No objection. ) 

THE COURT: No objection, it will be received. 

(Plaintiffs Exhibit No. 5 was 
received in evidence.) 


(Sample of oil-bearing rock "Core" 
was marked plaintiffs Exhibit 6 and 
received in evidence.) 


MR. SHAPPIRIO: I offer it because I think it gives a good picture 
of the nature of the type of material we are dealing with, and it is 
always amazing that they can ever get anything out of it under any cir- 
cumstances when it reaches that stage. ! 

BY MR. SHAPPIRIO: 

Q. Would you please describe the general methods of secondary 
recovery that are used, and I will show you what is Exhibit 7, which I 
think will help to explain the secondary recovery. : 
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MR. SHAPPIRIO: I would like to offer that, if I may, as Exhibit 7. 
MR. SCHIMMEL: No objection. 
THE COURT: Received. 


(Picture of oil-production in field, 
cross section of earth, was marked 
Plaintiffs Exhibit 7 and received in 
evidence. ) 


Tr. 30 THE WITNESS: The first stage of oil production is called a pri- 

mary stage. That is the production of all of the oil that will flow out of 
‘the well because of the rock pressure. Also, it covers that production 
of oil that is brought about by pumping of the oil. In the pumping of oil 
a pump is lowered near to the bottom of the well, and it is operated 
usually by a reciprocal action connected to the top of the well, so that 
all of the oil that flows into the bottom of the well is pumped out. This 
is continued until all oil that will flow into the well is removed. That 

_means that all oil that is moving because of pressure in the oil rock has 
ceased to flow because all pressure has been dissipated. 

At that time it is customary to drill what are known as injection 
wells down into the oil rock or the sand, and to inject water or gas, 

_which flowing through the oil rock from the injection well will push the 
oil toward the output oil well. 

In proportions of oil in primary and secondary recovery, the 
amount of oil that is obtained by the primary method is normally in the 
range of 10 to 30 percent of the oil contained in the oil rock, initially 

_ contained in the oil rock. 

This method which I am'now describing, a secondary recovery , 
ofttimes will produce an equal amount. 

Iam describing ordinary secondary recoveries, not this new 

_ process. 
The ordinary process prior to this invention recovered approxi- 
Tr. 31 mately the same amount of oil that was produced by primary 
| methods. 

The process that we are now describing, the new process, covered 

by this invention, would utilize the same general nature of injection 


Tr. 32 
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wells connected through the oil rock to the output wells, and would either 
be applied at the tail end of the primary ener or even after the 
secondary recovery has been completed. 

BY MR. SHAPPIRIO: 

Q. Would you explain to the Court the time elements that are in- 
volved in these secondary flooding operations? A. The normal second- 
ary operation requires between 12 and 20 years to complete. One can- 
not apply pressures too high for two reasons: First, if you apply too 
much pressure you will burst what is known as the rock. That 
is, you will lift the overburden. | 

Q. The overburden being what? A. The overburden being that 
portion of rock and earth that is above the oil rock, above the oil strata. 

Second, if you apply too great a pressure, you will bring about 
channeling. That is, the water will flow preferentially through certain 
permeable streaks and neglect to pass through the less permeable. 

If channeling occurs, the total amount of oil recovered is limited. 

Therefore, secondary recovery must be proceeded with slowly. 

It normally takes between 12 and 20 years for a water flood or a gas 
drive to be completed. 

Q. In your operations of secondary recovery with the processes 
involved in this action, what about the time element ihene ? +A. Well, 
we have been able to substantially curtail this time because carbon 
dioxide is an acid gas, and it tends to shrink the clays that are in this 
oil rock and dissolve out cementitious material to such an extent that 
the water passes more freely, the carbonated water more freely 
through the rock. : 

We have been able to curtail the time by about half. It takes about 
half the time to proceed with this due diligence of not having excessive 
pressures and still get the results that we wish. : 

Q. So that such operations as might have taken 20 years in the 
prior art with your present method could be curtailed down to possibly 
10 years? A. Yes, sir; that's what we are planning now in the use of 


this process that we are now putting in in Oklahoma. : We know that 
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this particular sand had required around 20, 22 years; and we are laying 


our plans to get all of the oil out in 10 years. 

Q. Based on -- 

A. Based on the experiences we have had already in the field 
with this process. 

Q. That is an operation you are actually putting into field de- 
velopment? A. Yes, sir. We have obtained a lease on this property 
in northern Oklahoma, and right now have designed the plants and 
purchasing the equipment so that we are now starting to apply this 
process on this property. 

Q. What is that process thing going to be that you say you are 
going to apply? A. It is the process of using carbon dioxide at above 
600 pounds pressure. 

Q. Inthe recovery of oil? A. For the recovery of oil. 

Q. Inthis field? A. Yes. 

Q. Would you please explain what is meant by tertiary recovery ? 
A. Tertiary recovery has gained a great deal of lip service because 
out in western New York and western Pennsylvania very little primary 
oil is being produced, and most of it has been already passed through 
the secondary recovery stage. So that there is large acreage out there 
that the lease owners have been unable to get any appreciable amount of 
oil for several years. 

It is the dream of these people to find a process which they can 
apply to this watered out, or in the case of a gas drive, where they 
have gotten all the oil by secondary means, they hope to find a method 
to obtain a third crop, as they call it, or a tertiary recovery. 

It has up to the present time no process other than this process 
we are now describing, the invention we are now describing, where an 
actual field tertiary recovery has been accomplished. 

Q. What has been the position of the industry with respect to 
tertiary recovery up to the plaintiffs' invention? A. They are very 
skeptical of that, too. 

THE COURT: What was your question, sir? 
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BY MR. SHAPPIRIO: 

Q. What has been the attitude of the industry with respect to the 
tertiary recovery up to the time of the invention? 

THE COURT: Thank you. 

BY MR. SHAPPIRIO: ! 

Q. What was the answer? <A. They were very skeptical. 

Q. Have you been able to find any actual field operation utilizing 
tertiary recovery at any place under any conditions prior to the present 
invention? A. No. I did not meet with any of it. : 

Q. Are there references in the literature to operations? A. I 
have found none. : 

Q. Did they take any particular position with respect to the 
possibility of tertiary recovery in connection with water-flooded opera- 
tions or those which you described as in western New York and 
Pennsylvania, that are no longer even available for secondary recovery 
because they have been depleted completely? A. When we suggested | 
the possibility of a third crop it was of great interest to them, but they 
were quite skeptical that we could do it. We did apply this process in 
western New York ona watered out piece of property, and did obtain 
this third crop. That has been spoken of as a third - They were 
quite surprised that we had done this. : 

Q. It gets a little bit ahead of the story as I have been developing 
it, but since you have mentioned the tertiary recovery, suppose you 
develop that more fully. Where was that operation carried out ? 

A. That operation was carried out near Richburg, New York, which is 
near Wellsville. That's the nearest town. We obtained the permission 
of a producer, oil producer, and with his cooperation we applied this 
invention, this process, to a small section of a lease which had been 
thoroughly flooded by what is known as a line flood; that is, water was 
applied near the side of the field, and the water driven across the field. 

It was later flooded by a pattern flood. That is, the wells were 
drilled in a pattern so as to drive the oil from the a of this pattern 
into a central well. | 

This had been done over a period of about 30 years. 


i 
1 





18 


Q. Excuse me a moment. Did you personally have anything to do 
with that operation? A. Yes. I was in charge of that operation and was 
on the ground during the most of it. 

Q. Did you write this article which describes that operation? 

A. Yes. 

Q. And it was published as indicated thereon? A. Yes. 

MR. SHAPPIRIO: In connection with it, you might refer to this 
article in explaining the position you take. I would like to have this 
article in evidence as Plaintiffs Exhibit 8. 

MR. SCHIMMEL: No objection. 


(Field Data on Operation of Orco 
Process near Richburg, N. Y., by 
James W. Martin, reprinted from 
the Oil and Gas Journal, issue of 
December 13, 1951, was marked 
Plaintiffs Exhibit No. 8 and 
received in evidence. ) 


MR. SHAPPIRIO: I think this will help to focus attention on the 
operation. 

THE WITNESS: Starting in the fall of the year we applied carbon 

dioxide to four wells on this lease, and while this was a very 


small five-spot area which would respond more quickly than if it was of 


the normal size, carbon dioxide was applied in excess of 600 pounds 
pressure and within about three or four months an increased amount of 
oil was noticed at the production well. 

I should say that this area had been producing only about 90 
barrels per acre per year prior to the start of the use of carbon dioxide. 

After the carbon dioxide was applied, the oil production which had 
been at this very low rate was increased until, as can be seen thereon, 
the oil production of test five-spot in the upper portion of the first page, 
the oil which had been about less than a quarter of a barrel per day 
rose in about three or four months to almost two barrels a day, forming 
what is known in the industry as a peak or oil bank. 

After that it diminished in the decline curves, which is normal to 
secondary recovery. 
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BY MR. SHAPPIRIO: ! 

Q. So the recovery at the peak period was approximately eight 
times what it was prior to the utilization of your method here? A. Yes. 

Q. Are you through with your answer? A. Speaking of this 

particular flood, this test flood that was put on there, the matters 
that were of greatest concern to us outside of getting this additional oil 
was what the carbon dioxide was going to do in the way of corrosion to 
the steel pipe that is in the well, and what it was going to do toward 
plugging the sand. | 

The industry has been very careful to eliminate carbon dioxide 
from natural waters that they use for water flooding because the carbon 
dioxide that occurs in these natural waters has been found to have the 
harmful effect on plugging up the sand, precipitates qalcium salts in the 
sand, and plugs up the sand. | 

We first found that we are able to inject larger amounts of water, 
50 percent more water as the flood proceeded, which was the opposite 





from what the people in the industry had expected. 

We also found that there was no corrosion even though we applied 
the test of putting test coupons, slips of steel, into the exit well, into 
the production well, and observed carefully for corrosion. There was 
no corrosion, and it was found that the alkaline salts in the oil rock 
served as a buffer, while the carbon dioxide was in the ground, and as 
it came up the production well, and therefore there was no damage 
done by corrosion. : 

Q. Excuse me a moment. What do you mean by the term 
"buffer''? A. It formed temporary compounds that prevented the 
solution of the steel by the hydrocarbonic acid. : 

The carbon dioxide formed bicarbonates of the alkaline earth; in 
a solution containing carbon dioxide and alkaline bicarbonates, steel 
does not corrode. 

Q. What has been the attitude of the industry with respect to the 
corrosion caused by carbon dioxide in well operations, or anything 


connected with it? A. Corrosion had been feared. In fact, when I 
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first told petroleum engineers of the kind of process that we were de- 
veloping, they told me it wouldn't work, it would eat the pipes out; that 
they knew it would because they had had trouble with even the small 
amount of carbon dioxide that was in native waters. 

Carbon dioxide is something that had been avoided, and the water 
treatments prior to this time had included liming in order to remove the 
free carbon dioxide that was native to the water. 

The use of carbon dioxide was thought to be prohibitive because of 
its damage to the steel. 

Q. Again I ask you whether you have found any field operation 
employing carbon dioxide to recover oil from the ground in your investi- 
gations and discussions with the industry or in any other way prior of 
course to the invention of plaintiffs here? A. I have found no evidence 

Tr. 40 that carbon dioxide had been used in the field for the recovery of 
oil. 
| Q. In your operations at Richburg, you obtained no corrosion 
with your process? A. We obtained no corrosion. 

Q. I wish you would explain a little more fully or clearly the 
plugging operation or formation that sometimes takes place, which you 
mentioned you did not obtain with this process. A. What the industry 
feared with the presence of carbon dioxide as a flooding medium was that 
the carbon dioxide would precipitate some of the calcium and magnesium 
salts that were native to the oil rock, oil sand. There is in all oil 
sand a native water which is called connate, which water contains cal- 
cium and magnesium in the form of chlorides. It was thought that the 
presence of carbon dioxide would precipitate the calcium to form a 
limestone, and this would seal up the small interstices of the rock and 


prevent the free flow of oil and water through the rock. 


Q. What was your experience with your process at Richburg in 

that connection? A. We found that instead of plugging the rock, our 
invention at the same pressure was increased by 50 percent. 

That was so unsuspected by our hosts, by the people with whom we 

were working, that they immediately asked for a further test on other wells. 
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Using carbon dioxide in sufficient amount at suttictent pressure in 
other wells, we found that the injectivity, the ease of injecting the water 
was as much as double. It was increased two-fold. : 

We found that the water that came out of the production well with 
the oil was heavily charged with alkali salts, that is, calcium and mag- 
nesium, and even berium bicarbonates, indicating that these alkali 
earths had been dissolved out of the rock and were carried in a liquid 
form and deposited in the water pits flowing from the ofl well, the pro- 
ducing well. | 

THE COURT: Mr. Shappirio, if this isa soa’ time you had 
better give the reporter a chance. This is right hard on her. 

(Brief recess. ) | 

MR. SHAPPIRIO: Would the reporter read the last question and 
answer ? | 

(The last question and answer were read by m reporter.) 

BY MR. SHAPPIRIO: 7 

Q. What was your experience with the production of natural gas 
during this operation at Richburg? A. This field at Richburg had 
Tr. 42 been thoroughly flooded. There was virtually no gas that came 
: out with the oil. We found that when we injected the carbon dioxide 
that it increased the flow of natural gas from approximately 20 cubic 
feet per barrel of oil to more than 300 cubic feet per barrel of oil 
produced. i 

That was an unexpected concomitant phenomena. 

Q. Could you have predicted that you would get such results? 

A. No, there was no possibility of predicting that. ! 

Q. In connection with the plugging operation or lack of plugging, 
could you have predicted what the result would be in this process? 
A. It was a complete surprise to us. 

Q. Is there anything in the art which has been cited in the record 
to suggest that you would get greater injectivity by these methods that 
you used? A. No. 
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Q. And you have in mind the Spindler and the Russell and the other 
patents cited here, as well as the literature from the American Institute 
of Mechanical Engineers or Mining Engineers? A. There was nothing 
that I have seen in prior art indicating that you ought to get greater in- 
jectivity. 

Q. Was there anything in that art to teach the greater increase in 

hydrocarbon gases obtained? A. No, there was not. 

Q. Now in connection with those hydrocarbon gases, was there 
anything unusual about them? A. Yes. These hydrocarbon gases 
that came out had a very high percentage of what is called unsaturates. 
The normal gases that come as you produce oil are saturated hydro- 
carbons, the unsaturates or the type of gases that one uses in making 
petrochemicals that is in the nature of ethylene, pentylene, and 
butylene , they were quite unexpected. 

Q. Are they normally present in the hydrocarbon gases produced 


in operations of this carhacter? A. No, they are not normally present. 


Q. They had not been found previously, so far as you know, in 
any reports on operations in secondary recovery? A. So far as I 
know, and I have read the literature very carefully on this, there was 
no prior knowledge of a report of any production of unsaturates in sec- 
ondary recovery. 

Q. And that goes for all the literature or of patents of record 
in this case; is that true? A. That's right. 

Q. Does that unsaturated hydrocarbons, particularly butylenes 
and pentylenes, have any unusual value? <A. Yes, they are valuable in 
the petrochemical industry. They are the building blocks for plastics. 

Q. And when you say "petrochemical industry," exactly what do 
you mean? A. The chemical industry based upon natural gas and oil 
as raw material. 

Q. Prior to actual field operations and the filing of these applica- 
tions, what work was done with which you are personally familiar in 
connection with the solubility of carbon dioxide and other gases in oil? 
A. We employed the Montclair Research Corporation to develop the 
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use of carbon dioxide. The obtaining of oil or the recovery of oil was 
one of the fields in which the investigation was directed. 

As a portion of this investigation it became desirable for us to de- 
termine the solubility of carbon dioxide in oil, in crude oil, particularly 
relating to the solubility of carbon dioxide in crude oil to the solubility 
of other gases in crude oil. 





A considerable amount of our time, 1948-49, was devoted to this 
determination of solubilities. | 

Q. When you say "our time,'' what personal relationship did you 
have to this work? A. Iwas, one might say, in charge. I had the 
supervision of the work, and we constituted a team, a research team on 


this subject with the personnel, the co-patentees in this case, who were 





employees of the Montclair Research Corporation. I was in charge. 

Q. You were in charge of these investigations ? As VES, Sit, 

Q. And they included tests on solubilities or comparative solu- 
bilities of various gases in oil, for example, and other matters too, I 
presume. Did those tests include any operations to determine the 
relative capacity of different gases to dissolve oil which would lead to 
its removal from cores and earth formations? A. Yes. 

Q. Describe briefly the manner in which those preliminary opera- 
tions were carried out. A. The initial work done at Montclair Research 
Laboratories was the treatment of sand, simulating the oil rock. That 
is, simulating it as to porosity. Sand was treated with a composition 
of a connate water that we have mentioned before. Oil was soaked into 
the sand in the proportions that were found in the field. The sand was 
then placed in a pressure vessel, and various gases were blown through 
the sand. : 

The amount of oil that was removed was measured, and the amount 
of oil that remained in the sand after the passage of the gas was measured. 

So we had the oil produced and the residual oil left in the sand to 
measure. : 

Q. What range of measures were used in carrying out those tests? 


A. Pressures up to about a thousand pounds, SO far as carbon 
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dioxide was concerned; and up above 1500 p.s.i., pounds per square 
inch, where nitrogen was concerned. 

That was because of the fact that carbon dioxide comes into the 
laboratory in steel cylinders which might produce as much as a thousand 
pounds pressure, whereas nitrogen comes in cylinders under a far 
greater pressure. 

Q. Did you carry out these tests with any gases other than carbon 
dioxide and nitrogen? A. Yes. We tried air and methane. 

Q. Did you find that all of these gases act in the same way, 
speaking generally now, with respect to the dissolution of oil from the 
sands? A. No. In the obtaining of oil from these sands, we found 
that all of the gases were approximately, had the same capacity for re- 
moving the oil up to about 600 p.s.i., but at 600 p.s.i., starting with 


around 600 p.s.i., and as we increased the pressures of the carbon 


dioxide passing through the oil, sand, recoveries of oil became in- 
creasingly great and diverged very substantially from the amount of 
oil that we produced when we used the other gases. 

MR. SHAPPIRIO: I should like to offer, Your Honor, and I will 
prove the exhibit with the witness as we go along for purposes of ease 
in considering the matters he is talking about, a graph which is en- 

titled, two graphs rather, "Oil Recovered from Oil-Soaked Sand 
After 1 Hour Passage of Carbon Dioxide versus Nitrogen at Various 
Pressures," as Plaintiffs Exhibit No. 9, I believe. 


(Graph entitled "Oil Recovered 
from Oil-Soaked Sand After 1 Hour 
Passage of Carbon Dioxide versus 
Nitrogen at Various Pressures," 
was marked Plaintiffs Exhibit 9 
and received in evidence. ) 


MR. SHAPPIRIO: And in that connection, with further questions 
the witness may refer to this exhibit? 
THE COURT: Yes. 
BY MR. SHAPPIRIO: 
Q. What did you have to do with the compilation of data on which 
this exhibit is based? A. I saw much of this data obtained in the 
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iaboratory. It was reported by the laboratory man in the form of 
tabulations, and I placed the values from this tabulation on this curve 
form so that the points that here appear I know to be based upon the 
results that we obtained in the laboratory. 

Q. This work on which the graph is based, is what you described 
prior to recess, I believe, that was carried out at Montclair Research 





Laboratories? A. Montclair Research Laboratories; yes, sir. 

Q. I wish you would explain what these graphs mean on Exhibit 9. 

A. Well, the lower straight line is the result of passing nitrogen 
gas through this oil sand under pressure. Each point represents a separate 
experiment. Starting at 125 p.s.i., nitrogen was passed through this 
oil sand, and the oil recovered was approximately 50 percent of the 
oil in place. | 

The same at 200 pounds pressure, another experiment was run, 
and approximately the same amount of oil was recovered. 

Then at the next determination, at 300 pounds ome about 
47 percent. | 

The line is an average which indicates the trend of the various 
determinations. There is no significant rise or fall from this average 
exhibited by the determinations. These were actual figures on the de- 
terminations, and therefore varied from determination to the next de- 
termination. ! 

The upper line is the same type of determination where carbon 
dioxide gas was used. Here there was a slight increase in recovery of 
oil, and for some reason the actual results were more uniform. This 
upper line or curve indicates that there is no upward or downward trend 
in the effect of pressures on the gas that passes thrdugh the oil sand 
until a pressure of 600 is reached. 

Starting at about 600, the direction of the results changes so that 
each succeeding determination indicates increased amounts of oil re- 
covered by the carbon dioxide. : 

Here again the line shown is an average line running between the 


points which represent the actual amount of oil that was weighed. 
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Q. Now in connection withthe chart showing nitrogen gas, you 
testified that the line drawn there represents the average recovery with 
nitrogen? <A. Yes. 

Q. And that is not very substantially over the pressure range 
used as reported there? A. Yes. 

Q. And that pressure range is indicated in pounds per square 
inch at the bottom of that chart, is that correct? <A. Yes. 

Q. So that as you move to the right on the chart you get increas- 
ing pressures at which these various operations were carried out, is 
that correct? <A. That is correct. 

Q. And the indications in the vertical direction represent what? 
A. They represent the percent of oil in place that was recovered in 
each determination. 

Q. So that where a line remains substantially horizontal, or 
that is the average of recovery, there is no substantial or unsuspected 
change in the recovery obtained, is that correct? A. Yes, sir. 

Q. And for nitrogen you found no unexpected result or unexpected 
change or deflection at any point throughout the field of operation there, 
is that correct? A. That is correct. 

Q. And that I believe is substantially what you have already 
testified to? <A. Yes. 

Q. Now you said in comparing these curves that the various 
gases have about the same capacity to remove oil. Did you mean by 
that that even at the lower pressures nitrogen takes out the same 
amount of oil as does carbon dioxide? A. Carbon dioxide takes out 


slightly more than does nitrogen or methane or air which we had 


tested. 
Q. And actually the distance between these two graphs on the 


_chart show the superiority of carbon dioxide at any one point? A. 


That is true. 
Q. Now there is a general law of physics that deals with the 
question of the solubility of gases in liquids, is there not? A. Yes. 
Q. And that is known as what? A. As Henry's law. 


onli, 
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Q. What does that law predict? A. That predicts that the 
solubility of gas in the liquid increases proportionately to the pressure 
(ir. ot by which that gas is applied. That is true of _ where no 
chemical reaction occurs. | 

Q. Now, in the nitrogen graph or chart, as given on Exhibit 9, 
you have testified there was nothing to indicate any sudden change or 
unsuspected result with recoveries obtained by nitrogen? A. Yes, sir. 
Q. And with carbon dioxide there was a sudden change? A. Yes, 
sir. 2 

Q. And that occurs as shown on the chart at approximately 600 
p.s.i.? A. That is true. | 

Q. Now, is the difference between recoveries using carbon dioxide 





up to 600 pounds per square inch as compared with nitrogen sufficient 
on which to base a new process in the industry in the early part of these 
two graphs in comparison. What I have in mind is that admittedly 
carbon dioxide, as you have testified, will take out more oil than does 
nitrogen. Is the difference of nitrogen significant at that stage? 
A. No. Below 600 p.s.i. the fact that carbon dioxide is so much more 
valuable, so much more costly than air, which we will see equivalent to 
any nitrogen here, that carbon dioxide, no one would be attracted to 
use carbon dioxide with this small amount of — shown by these 
charts below 600 p.s.i. : 
Tr. 52 Q. And is the same thing true after 600 pounds per square inch? 
A. No, after 600 pounds per square inch the increased recovery of oil 
becomes so substantial that one would be attracted to using carbon 
dioxide. It would be worth their while to use carbon - at ranges 
above 600 p.s.i. 2 

Q. And does the angle at which that line rises give any indication 
to you as to the expected recovery or the type of recovery you get 
following the point where the change occurs? A. Yes. That is in- 
dicative of what we can expect to obtain at these various pressures. 

Q. The greater the angle of the line the greater indication of the 
change which has taken place? A. Of the changes taking place. 
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Q. Beyond the 600 pounds per square inch? A. Yes. 

Q. And you have testified, I believe, that from the facts found in 
connection with this operation as shown in Exhibit 9, you do get very 
substantial differences in the amount of oil recovered by the use of carbon 
dioxide as compared with nitrogen? A. Yes, sir. 

Q. What was your experience in connection with the use of air and 
methane within these ranges as shown there? A. The use of air and 

methane brought results very similar to what we have shown here 
as any nitrogen, and for that reason the nitrogen curve was taken as an 
exemplary line or curve for nitrogen, methane and air. 

Q. Did you find anything critical about the action of air and 
methane in connection with the solution of oil out of sands? A. No, 
there was nothing critical. 

Q. Do you mean by that that each one gives you the same amount 
of oil taken out of the sand? A. No. It is ina general range of the 
same amount of oil, but any of these three gases, that is, nitrogen, air 
or methane, those gases are comparable. They are approximately the 
same at all pressures. The amount of oil recovered is approximately 
the same at all pressures for those three gases. 

Q. And the difference between carbon dioxide action beyond the 
critical point as shown on Exhibit 9, then as I understand you, also 
shows the difference in action of carbon dioxide with the other gases 
such as oxygen and methane? A. Yes. 

Q. And this one chart is exemplary of those various activities. 
So that in your opinion is carbon dioxide the same in its action here as 
the other gases that were tested? A. No. The action of carbon dioxide 
is the same in general respects only up to 600 p.s.i. Above 600 p.s.i 
it diverges’ strongly from the other gases. 

Q. Is that divergence predictable or expected in any way or basis 
in any known art, including that of record here? A. No, it was not 
expected. 

Q. Is there any art here of record which compares recovery of 


oil by the use of gases, secondary types of recovery, comparing carbon 
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dioxide with other gases in the manner to give the type of results you 
found here? A. No. | 

MR. SHAPPIRIO: In connection with what we have just considered, 
I would like to offer another chart based on the nitrogen carbon dioxide 
gases, and then I shall prove, if I may, Your Honor, that exhibit which 
is actually based on the same data that was employed in connection with 
Exhibit 9. | 


(Graph entitled cgustanal Oil Re- 
maining in Oil-Soaked Sand After 1 
Hour Passage of Carbon Dioxide 
versus Nitrogen at Various 
Pressures," was marked Plaintiffs 
Exhibit 10 and received in evidence.) 


BY MR. SHAPPIRIO: 

Q. Would you please explain to the Court what this chart shows ? 
A. This chart shows the residual oil that remained in the oil-soaked 
sand after the various tests had been made. Here the amount of oil 
that remained in the sand after the passage of the gases shows that 
nitrogen again removes approximately the same or leaves in this case, 

the nitrogen gas leaves approximately the same amount of oil at 
any pressure from 100 up to over a thousand; and that carbon dioxide 
gas passing through the sand leaves approximately the same amount of 
oil up to 600 p.s.i., and after 600 p.s.i. the amount ‘remaining in the 
oil sand substantially is decreased. It decreased at a very definite rate 
of decline. | 

Q. Is there anything in any art of record, and we will get into 
that art more specifically, which shows recoveries of this character 
and residual oil in the formation as shown in your Exhibit 10? A. No. 

Q. It is really the inverse of what is shown in Exhibit 9, isn't 
that correct? A. Yes. These were a different set of determinations 
because this was the measurement of the oil that remained in the oil 
sand, in the autoclave after we had run the tests. The other was the 
measure of oil that came out of the tests. | 

So that is a new set of determinations. But the! indications here 


are essentially the same. 
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Q. What would be the relation, so far as Exhibit 10 is concerned, 
in comparing the action of other gases like air and methane to that ob- 
tained with nitrogen? A. The other gases, air and methane, were so 
close to the straight line that was obtained with nitrogen gas that it 

was thought that nitrogen gas could well be used as the example to 
represent these other gases, gases other than carbon dioxide. 

Q. And the data for this chart came from what? Iam referring 


to Exhibit 10. A. Came from the work done at Montclair Research 


Laboratories, under my direction. 


MR. SHAPPIRIO: In this connection I should like to offer one 
more chart dealing with this type of subject matter which I shall offer 
as Flaintiffs Exhibit 11, and I will ask you to explain it to the Court. 


(Graph entitled :Residual Oil Re- 
maining in Oil-Soaked Sand After 
Flooding With Carbonated Brine 
versus Uncarbonated Brine at 
Various Pressures," was marked 
Plaintiffs Exhibit 11 and received 
in evidence. ) 


THE WITNESS: This is a chart showing a comparison between the 
use of uncarbonated brine and carbonated brine passed through an oil 
sand. Now for these tests, if I remember right, we used approximately 


a 4-foot length of steel pipe about 2-1/2 inches in diameter, which we 
filled with sand impregnated with the connate water and with oil up to 


TY. oT 


the proportion normally found in oil fields. 

This chart shows in the vertical figures the residual oil that was 
left in the sand in percent of pore volume. That is, in percent of the 

pore spaces in the sand that we used. 

This pore space was determined prior to the tests being run. 

BY MR. SHAPPIRIO: 

Q. Is that a common designation in the industry? <A. That is 
designated in two forms. One'is percent of pore spaces as is shown 
here, and the other is in percent of original oil in place, which was 
pretty much what we used in the other charts. 

In these tests we passed the uncarbonated brine -- I am referring 
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now to the upper line -- we passed the uncarbonated brine through this 


pipe under pressure, as indicated in the bottom of the chart, and these 
were the residual oils that we determined to be remaining in the sand 
at the end of each determination. ! 

These residual oils left behind varied from about 25 percent to 
around 29 percent. There was no trend, no ene or downward trend, 
as the pressures increased. 

In the lower line or curve the points indicate the residual oil left 
in the sand after carbonated brine had been passed through this sand at 
various pressures. We found no upward or downward trend in the area 
of pressures below 600. But starting at 600 we found that the amount of 
residual oil was reduced very substantially. : 

So that at 800 p.s.i. we found the amount to be 16 percent rather 
than 23 percent that remained when the carbonated brine was passed 
through at a pressure of 600 p.s.i. | 

Q. What, if any, significance do those differences and figures 
mean in terms of oil recovery? A. Well, it means that of the oil that 
remained in the sand you would have removed approximately a third 
when you passed the carbonated brine at 600 p.s.i. over what was in 
the sand originally. 

Now what was in the sand originally, the 25 percent of the residual 
oil would normally represent what is in a sand after normal water flood 
had been practiced. So this was to determine a tertiary flood. 

Q. And are the results of any significance in terms of oil 
recovery? A. They are very significant in terms of oil recovery. 

Q. And it is based on those determinations that you are starting 
the investigations? The actual field operations you mentioned 
earlier? A. Yes, sir. | 

Q. And on which you did the additional work, andl as at Richburg; 
is that correct? <A. Yes, sir; that is right. | 

Q. Is there anything unexpected or unpredictable in the action of 
carbon dioxide as shown in Exhibit 11? A. Yes; two things. The 
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first is that there was this divergence which started at the same 


point that we had found previously in the passage of gas through the sand. 


It started to diverge from the normal for other gases at approximately 
600 p.s.i. 

| The second thing was that here was a case where we were putting 
carbonated brine through compared with uncarbonated brine under the 
same pressure relations. That is, this increase started at 600 p.s.i. 
when you were using carbonated brine just as it did when previously we 
had been using just carbon dioxide gas. 

| Q. Before we leave this chart, you made a statement at one point 
that carbon dioxide results in more uniform action. What did you mean 
by that? A. On that chart, in fact on both charts, where the gas was 
used, it would be noted that the results at the varying pressures up to 
600 were within a range of 2-1/2 percentum points, whereas in using 
nitrogen gas it was much more difficult to obtain consistent results. 

Q. Did you mean to imply by your statement that the action of 
carbon dioxide above 600 pounds per square inch was the same or sub- 
stantially as the actions below 600 pounds? A. No. 
: Q. Iam merely trying to straighten out the thing so there won't 
be any difficulty. A. No. In the use of carbon dioxide these charts 

show that above 600 p.s.i. the residual oil remaining is sub- 
stantially less. 

Q@. There are afew more matters that I should like to present 
before we get into the discussion of the prior art. 
| MR. SHAPPIRIO: I should like to offer as Plaintiffs Exhibit 12 
an article by Mr. Martin entitled "New Carbon Dioxide Process in 
Secondary Recovery Brings staan Interesting Results." 


(Article entitled ''New Carbon 
Dioxide Process in Secondary 
Recovery Brings Commercially 
Interesting Results, by James 
Wellford Martin, Reprinted from 


October 1951 Issue of the Independent 


Monthly ,"" was marked Plaintiffs 
Exhibit No. 12, and received in 
evidence. ) 
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BY MR. SHAPPIRIO: 
Q. Would you please explain your connection with this article? 
THE COURT: You mean other than that he wrote it? 
MR. SHAPPIRIO: Yes, sir. I want to fix that he wrote the 
article. | 
THE WITNESS: It is my article. I wrote it, yes. 
BY MR. SHAPPIRIO: : 


Q. What is the purpose of the article? A. It was to show the 


people in the industry that it would be profitable to use this new process. 

Q. In general, is that shown in the article? A. Yes. 

Q. The cost studies illustrate the basis for this? A. For that 
statement, yes. : 

Q. And the cost studies are based on what? A. The cost studies. 
The process which is termed here the Arco Process is the process of 
using carbon dioxide at above 600 p.s.i. for the recovery of oil. 

Q. And the basis for the results reported there and the conclusions 
reached were what? A. These were based on a normal sand with 40 
percent foot sand, 30 percent residual oil, and ona 300-acre basis, and 
a 10-year flood, which is the minimum flood. | 

Q. Did it have any relation to the work you had done at Richburg, 
for example? A. The recoveries and the cost involved were based on 
information developed at Richburg; the amount of oil recovered was 
predicted from the recovery obtained at Richburg. 2 

MR. SHAPPIRIO: In order to complete the picture, if Your Honor 
please, that I mentioned in the opening statement, I should like to offer 
this article by Barnes, entitled "Fizz Water Fizzles," which is part of 
the record in the Patent Office. : 


(Article entitled, "Fizz Water 
Fizzles,"' from November 1, 
1951, issue of The Oil and Gas 
Journal, '' was marked Plaintiffs 

4 Exhibit 13 and received in evidence.) 


BY MR. SHAPPIRIO: 
Q. Will you please tell us who Barnes is? A. Kenneth Barnes 
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is the editor of the Oil and Gas Journal, which is the most prominent 
technical journal in the oil industry. 

Q. What was he reporting in this article? A. He was reporting 
the results of a test on the use of carbonated water which had been con- 
ducted by the Penn Grade Association Research Laboratories. The 
Penn Grade Association is an association of oil producers in western 
New York and northwestern Pennsylvania. 

This independent research organization ran these tests following 
the field tests that we had made at Richburg, and tested the use of the 
carbonated water on cores that they had obtained from the ground. 

The results of these first tests by the Penn Grade Association 
Research Laboratories were negative. They had not obtained sub- 
stantial amounts of oil from these cores. 

Q. And the article therefore was unfavorable to your process as 
it had b2en run by you upto that time? A. It was very unfavorable and 


very hurtful to our program. 


Q. I show you an article entitled "CO Flood Recommended." 


(Article entitled, "CO g Flood 
Recommended," by Kenneth B. 
Barnes, from November 3, 1952, 
issue of The Oil and Gas Journal, 
was marked Plaintiffs Exhibit 14, 
and received in evidence. ) 


BY MR. SHAPPIRIO: 

Q. That is the same Barnes, I take it, in this article who wrote 
the previous one? A. Yes. It is the same man. 

Q. And he was reporting the results of whose work there? 
A. He was reporting the results of the same laboratory. It is the 
same man in reporting the results of the same laboratory which was 
reported almost exactly a year later. 

Q. And this appeared where, this article? A. This article 
appeared in the Oil and Gas Journal of November 3, 1952. 

Q. What, then, was the position? A. The results that were 
reported by the Penn Grade Research Laboratories was that the 
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carbonated flood recovered more oil than any secondary recovery process 
they had tried. | 

This article by Kenneth Barnes was based on that statement by the 
Penn Grade Research Laboratories. : 

Q. What is your relation to the Penn Grade wisi A. I have 

no relation to them. | 

Q. That is, they are entirely independent so far as you and your 
associates are concerned? A. That is true. ; 

Q. And they changed their position completely in that year interval, 
in view of the further tests that they made; is that correct? A. That 
is correct. : 

Q. And they really gave you a very fine bill of health, didn't 
they? A. They certainly did. 

Q. In that connection, would you please senda an exhibit I have 
here, which I would like to offer as Exhibit 15. I wish you would tell 
the Court what this refers to. : 


| 
| 


(Reprints of papers presented at 

the Sixteenth Technical Conference 
on Petroleum Production, presented 
by the School of Mineral Industries , 
Pennsylvania State College, 

October 22, 23, 24, 1952, was 
marked Plaintiffs Exhibit No. 15 
and received in evidence.) 


BY MR. SHAPPIRIO: | 

Q. Would you tell the Court what this refers to? A. This extract 
is a photostat of a book that appeared at the meeting, the Sixteenth 
Technical Conference at Pennsylvania State College. It was the report of 

the Penn Grade Research Laboratories that was given at that 
meeting on October 22, through the 24th, of 1952. 

It was on this report given at this meeting that Kenneth Barnes 
based his article of COg Flood Recommended in the Oil and Gas 
Journal of November 3, 1952. 

Q. This was the work done by the Penn Grade group which found 
that they could get more oil out of the ground by your method we have 
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described here than by any other method of secondary recovery, is 
that correct? A. That was so stated here. 

MR. SHAPPIRIO: I should like to turn our consideration at the 
moment to that AIME article which has already been offered. 

THE COURT: Let me interrupt you to suggest, so we won't have 


to interrupt again, that we recess now until 1:45. 


(Thereupon, at 12:30 o'clock p.m., the trial was recessed until 

1:45 o'clock p.m.) 
AFTERNOON SESSION 
(The proceedings were resumed at 1:45 o'clock p.m.) 
Thereupon 
JAMES W. MARTIN 

resumed the witness stand and testified further as follows: 

THE COURT: All right, sir, you may proceed, Mr. Shappirio. 

MR. SHAPPIRIO: I was about to offer in evidence as Plaintiffs 
Exhibit 16, and now do so, the same article from the American Institute 
of Mining Engineers, that has been offered by the defendant, but I want 
to have the witness talk about the article, and offer it as Exhibit 16. 

THE COURT: Let me ask you: Am I to understand that you have 
offered for receipt all the exhibits thus far identified? 

MR. SHAPPIRIO: I intended to. 

MR. SCHIMMEL: No objection. 

THE COURT: Very well. That is including 16. 


(Article entitled "Effect of Dissolved 
Gas Upon the Viscosity and Surface 
Tension of Crude Oil, by C. E. 
Beecher and I. P. Parkhurst," was 
marked Plaintiffs Exhibit 16 and 
received in evidence.) 


DIRECT EXAMINATION 
(Resumed) 


BY MR. SHAPPIRIO: 
Q. Are you familiar with this article and the work reported 
therein? A. Iam. 





Q. There has been reference to the portion of this article, on 
page 56 I believe, with reference to solubility of gases in oil, particularly 
the matter in Table 1 thereon. The gases referred to in that table are 





what? A. They are two natural gases; gases No. 1 and gases No. 2. 
Air and carbon dioxide. | 

Q. Is there any indication in the article as to daw the determ- 
inations or the figures given in that table are the result of actual tests? 
A. From what appears in the article, it seems as if the lower pressures, 
pressures up to 500, were the result of actual tests; and the figures above 
500 were the result of extrapolation. ! 

Q. Why do you say that? A. There is in the discussion a 
question asked of Mr. Beecher, the author of this article, and Mr. 
Beecher said -- 

Q. On what page? A. Page 69, the second rel of Mr. C. E. 
Beecher: | 

"Occasionally we tried to get 300 or 400 lb.; 

we saturated the oil with gas and when we got through 
we might have a pressure of 450 or 500 Ib. We would 
let the gas off until it came to the pressure we desired, 
and apparently it seemed to check the same as though 
we had stopped exactly at that pressure. However, 

as I pointed out, these experiments were refined to 
such an extent that you could find small differences. " 

Q. Now in the degree of solubility which is reported in this 
article up to 500, does that follow Henry's law that you referred to 
before, or not? <A. Yes. It does substantially. | 

Q. That is, with increasing pressure you get expected known 
increases in solubility? A. That is right. 

Q. And then you said, I believe, that those values give you what 
is called a straight line effect, which means that there is uniform ex- 
pected increase in solubility and nothing critical or unexpected, is that 
correct? <A. That is correct. | 
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Q. How did they get the values up to 1000 pounds if they didn't 
do it by experiment? A. By what is known as extrapolation. If you 
have two points, and the points appear to be a straight line; if you have 
two or more points and the line drawn through these points is a straight 
line, it is usual, particularly when you are expecting it to follow 
Henry's law, you extrapolate the curve, you continue the line through 
those two points, and then read it as to what you think is going to occur, 
in this case a thousand p.s.i. 

Q. And that is proper where it follows Henry's law because you 
get the expected known increase predicted by the law? A. Thatis 
frequently done. 

Q. In this article is there any indication for any gas of any 
pressure of any critical effect whatsoever? A. There is none. 
| Q. Do the results referred to in this article accord with your 
own experience with respect to the solubility of gases and carbon 
dioxide at increasing pressure? A. They do not coincide with our 
results at pressure above 600. 

Q. With respect to all gases? A. With respect to carbon dioxide 
alone. 

Q. There is something different about carbon dioxide above 600 
that is not trueof the other gases? A. That is true. 

Q. And what is that difference? A. At approximately 600 pounds 
pressure your carbon dioxide diverges from Henry's law and becomes 
increasingly soluble in the crude oil. 

MR. SHAPPIRIO: If Your Honor please, I would like to offer as 
Plaintiffs Exhibit 17 a chart which I shall ask him to identify in this 
connection, which chart is entitled "Cubic Feet of Gas Dissolved in a 
Barrel of Crude Oil." 


(Graph entitled, "Cubic Feet of 

Gas Dissolved in a Barrel of Crude 
Oil'' was marked Plaintiffs Exhibit 
17 and received in evidence.) 
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BY MR. SHAPPIRIO: 

Q. Would you please explain to the Court who prepared this ? 
A. I prepared this. | 

Q. To show what? A. I prepared this to show graphically what is 
in Table 1 as it relates to natural gas in which I used the natural gas 
No. 1 of Table 1, as compared with air and carbon dioxide in Table 1. 

Then I superimposed or drew in also the solubility of carbon 
dioxide in crude oil as we actually found it and reported it in the 
specifications of this case. : 

Q. Now the particular gases that are used and reported there are 
indicated on the graph lines themselves, is that correct? A. Yes. The 
one at the bottom marked "A''is for air. The next one between the 
points "N" is nitrogen. The one with the circles is the carbon dioxide. 

The black line indicates the extent to which, as I read the article, 
the experiment actually determined the solubility in the laboratory. 

Then I extrapolated by a dotted line up to the 1000 p. s. i. which they 
report in this table, Table 1. 


The values between the excess on the upper a> is the solubility 


of carbon dioxide as we found it and isfound in the specifications, only 
I have translated it into cubic feet of gas dissolved in a barrel of oil; 
whereas, in the specification it is cubic feet of gas dissolved in a cubic 
foot of oil. | 
Q. Why did you make that change? A. Ihad to use the same 
terminology , the same values as they had in the article. The article 
gives it in cubic feet of gas dissolved in a barrel of oil at different 
pressures. , 

Q. You referred to "N" on that second lowermost graph as re- 
ferring to nitrogen. A. I should have said "natural gas." Iam sorry. 

Q. Now the three lowermost lines on that chart represent the 
data given in this AIME article, is that correct? A. : That is right. 

Q. Do any of them show any criticality? A. No. 

Q. That is, they all show the expected increase in solubility 
under Henry's law? A. That is right, yes. : 
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Q. But the curve of your own actual experimental work above 600 


pounds per square inch, does that conform with Henry's law? A. No, 
that diverges from Henry's law. 

Q. Is that a critical or a noncritical difference? A. Thatisa 
critical difference. 

Q. So that your actual determination of solubility as shown on 


this chart is inconsistent with that given in the article. A. That is true. 


Q. Above 600 pounds p.s.i.? <A. Yes. 

Q. I would like you to explain to the Court, or have you explain 
fully exactly why you say that the three lowermost graphs follow the 
expected result under Henry's law? A. Henry's law states that a gas 
will go into solution in a liquid in porportion to the pressures in which 
it is applied. Henry's law, where there is not a chemical reaction, 
would be the straight line type of curve as shown in the lower three 
curves. Where there is a sharp divergence, as we found in this, and 
a great deal of our work, we feel confident that there is a reaction. 
This reaction, so far as I know, had never -- I have never seen it in 
prior art. I have never heard of it as being suspected. 

Q. Is there anything in this article at any place, either in 
connection with the solubility data given there, or at any other point, 
which indicates that carbon dioxide would obtain greater recoveries of 
oil at pressures above 600 p.s.i. than any other gas? A. Will you 
repeat your question? May I have the question read? 

THE COURT: Yes. 

(The pending question was read.) 

THE WITNESS: No, there is not. 

BY MR. SHAPPIRIO: 

Q. Do you know of any place where anyone in the literature or 
in the field within your own personal experience has ever suggested 
that this article taught the use of carbon dioxide at pressures above 
600 pouds per square inch? A. No, no. 

Q. Do you know of any operation, or have you ever heard of one 
based on this article of that character? A. I have not. 
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THE COURT: No operation with the use of carbon dioxide at a 
pressure of 600? 
MR. SHAPPIRIO: Yes, sir. 
BY MR. SHAPPIRIO: 
Q. Is there anything in the article to indicate whethes or not 
pressures in excess of 500 pounds per square inch was commonplace 
in the industry in operations of this character? | A. No. In the 
discussions with the people in the industry it is brought out that they have 
not. At the end of the article on page 64, for oramEle, H. L. Edwards 
of Houston says: 
"With present equipment we are nov using in the 
field, 1000 Ib. is too much pressure. We have been 
putting gas back into the sands in Central Texas ata 
pressure that varied from 250 to 500 Ib. , and we 
found that at this pressure we lowered the viscosity 
of the oil." : 
I find in this article this limitation on equipment used, which is 


i 
I 


the limitation which I believe existed on the type of fipid compressors 
then existing in the field. 

I had some little experience in the field, in the. gas field, in 
1922 with the Union Carbide & Carbon down in West Virginia. I saw 
some of the compressors they were using. In fact, I used the gas 
from these compressors. : 

Compression in that particular field was in the neighbor hood of 
250 p.s.i. | 

I believe that the indication given by Mr. Edwards reflects 
common practice in the industry that the compressors or equipment 
was not suitable for pressures above 500 p.s.i. : 

THE COURT: Let me interrupt to ask a question . 

Will it be your contention that because there wasn't equipment 
available for the use of this that that would make for invention? 

MR. SHAPPIRIO: No, sir. It would have an effect on whether 


the article taught possibly or whether the article actually used or 
| 
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taught these pressures. I am only going to try to determine at this 
stage whether there had been any operation with pressures of the order 
that is involved here. That is the real purpose. 

THE COURT: All right. 

BY MR. SHAPPIRIO: 

Q. What was the capacity of compressors in the art at that time, 
if you personally know? 

THE COURT: Let me interrupt you just once more. You said 
there was no operation of it. Therefore there was no teaching. 

MR. SHAPPIRIO: I am primarily interested, Your Honor, in 
showing that we obtained certain definite values which show a critical 
point in the operation of carbon dioxide which contradict this article 
which does not show any critical point. Ours being based on actual 
tests, the article being based on presumption that there would be 
uniform action. 

THE COURT: I interrupted your question. I am sorry. 

THE REPORTER (Reading): 

"What was the capacity of compressors in the 
art at that time, if you personally know?" 
BY MR. SHAPPIRIO: 

Q. In this particular field? A. My experience was that field 
compressors of natural gas compressors were in the range of 250 
p.s.i. normally, up to 400 p.s.i.; some going up as high as 500 p.s.i. 

I have refreshed my memory of this by looking into a handbook of 
the petroleum industry that was published in 1928, and it gives these 


pressures of 250 and up to 400 as the pressures upon which data was 


furnished the industry. 

THE COURT: Was any significance or is any antiquity to be 
deduced from 1928? There have been so many things happen since 
1928. 

BY MR. SHAPPIRIO: 

Q. What was the date of this article? A. The date of the book 

was a hand book published by Kansas City Laboratories in 1928. It 
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reflected data of the preceding years. This article is supposed to be 
the reporting on what had happened in 1926. : 

Q. That is the latter article you refer to, the AIME article? 

A. The AIME article was probably published, as near as I can figure, 

in 1927. This hand book was published in 1928 and gives the data up 

to 400, and one would imply from that that was the pressure that the oil 
industry was interested in or had available to it at that time. 

Q. So you are really relating that text or book to this exhibit? 

A. Because they are approximately the same date. : 

THE COURT: All right, sir. 

BY MR. SHAPPIRIO: | 

Q. Would you please refer to the reference "The effect of 
viscosity of dissolved gas," and particularly to the table shown on 58? 
What is your interpretation of the showing there as to the effect of carbon 
dioxide on the viscosity of oil? A. Well, I see in that Figure 6 a curve 
numbered 5 which covers the carbon dioxide in Oklahoma crude oil. It 
shows a greater effect on viscosity up through the 400 determination, 
400 p.s.i. determination. Then it is beginning to deflect horizontally. 

Now that curve teaches me because in our work carried viscosity 
effect on crude oil of the solution of carbon dioxide at pressures above 
600, the effect on the viscosity was that the increase practically ceases 
at 600. And that line, that curve becomes horizontal. 

Therefore, I can interpret more into this curve probably than is 
visible from the curve. But it indicates that the major portion of the 
benefits to be derived by lessening viscosity has already occurred below 
400, and what occurs above 500 is minor. : 

THE COURT: Are you saying "minor," or are you saying that it 
is less? What are you going to apply to the line where it stops at 500? 
Where is your line going to go, sir? 

THE WITNESS: It turns even more horizontal than that line. 

THE COURT: Are you projecting what is here? | 

THE WITNESS: Yes, I am projecting because of the work that 


| 
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we have done. That is why, Judge, I said that I was reading more into 
it than is visible in this article. You will see that this has decreased 
the viscosity 70 percent at that point. 

THE COURT: Right, sir. 

THE WITNESS: So even if it reduced it 100 percent, which would 
be impossible, it couldn't get but 30 percent more. Nobody would be 
tempted to put more gas in in order to get decreased viscosity. 

BY MR. SHAPPIRIO: 

Q. Curve 1 there represents the effect on viscosity of what gas? 
A. Curve 1 is natural gas, No. 1. 

Q. And that natural gas is virtually methane, isn'tit? A. Itis 
largely methane, yes. It gives the composition here. 

Tr. 19, Q. And that curve there shows a substantial effect on viscosity 
also, does it not? A. Yes. 

Q. And it is somewhat less than that for carbon dioxide. A. 
Yes. That is because more carbon dioxide goes into solution. That is, 
you read that off your previous curve. 

Q. Is the natural gas that is largely ne thane very soluble in oil? 
A. It is soluble in oil, soluble to a lesser degree than carbon dioxide. 

Q. But it is of substantial solubility? A. Yes. 

Q. Would the solubility of the methane teach you that you could 
obtain some critical change in solution of oil when used for recovering 
oil? A. No. 

Q. Comparable? <A. There is nothing in the art as of this 
date that would teach that at any point. 

Q. Actually around the area of 600 pounds per square inch is 
there any critical effect or change in the solubility exerted by methane 

or natural gas? <A. There is not, no. 

Q. Do you actually with methane get increased recovery of a 

Tr. 80 critical character that you obtain with carbon dioxide above the 
pressures beginning at 600 pounds per square inch? A. No. 

Q. Yet methane has a very substantial effect on the viscosity of 

the oil, does it not? A. Yes. 








45 


Q. I should say natural gas also as shown? A. Yes. 

Q. Fairly comparable with the effect of carbon dioxide, is that 
right? A. Yes. Again Iam speaking from knowledge and not from 
this thing. It has very little difference in its effect. | 

Q. Would then if viscosity were a criterion for getting critically 
greater increased recovery of oil, would you expect to get it with 
natural gas from the figures given here? A. Yes, you would get your 
viscosity reduction by natural gas. ! 

Q. Then can you predict what increase you will get in oil recovery 
by the use of a material which decreases viscosity? | A. No. 

Q. Has it been your experience that you can predict what increase 
in oil recovery you will obtain from such factors as viscosity effects ? 
A. No, it is unpredictable. 

Q. And the mere fact that it may thin out the ofl and flow through 
the formation, is that the criterion that determines necessarily so that 
you can predict you will get unexpected recoveries of oil? A. Lower 
viscosity flows through the sand more readily if there were not other 
conditions that would be brought about. There is no known way of 
predicting it. It happens that this article brings out that if you apply 
too much pressure you will get a turbulence which is avery material 


| 
force and prevents, really counteracts the good effect of increased 


viscosity. 

THE COURT: Of increased viscosity? 7 

THE WITNESS: Yes, of decreased viscosity. The advantage of 
decreased viscosity. I was wrong, Judge. : 

THE COURT: Yes, sir. 

MR. SHAPPIRIO: I should like to turn to a consideration of the 
Spindler patent, 1,826,371, and I will offer a COPY | in evidence, as 
Plaintiffs Exhibit 18. 

THE COURT: No objection? 

MR. SCHIMMEL: No objection. 

THE COURT: Received. 
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(Spindler Patent No. 1,826,371 
was marked Plaintiffs Exhibit No. 
18 and received in evidence.) 
BY MR. SHAPPIRIO: 
Q. I wish you would briefly describe the operation with which 
this patent is concerned. A. This patent is designed to describe 
the invention of a pattern arrangement of wells. I might say that before 
this, 1930, when this patent was filed, it was normal to flood with what 
is known as line flood. That is flood from the side of the field pushing 
the oil in one direction. 

Spindler suggests that if you will surround a central hole, central 
well, with water injection wells, it will force the oil toward the pro- 
ducing well, oil-producing well; whereas, if you were forcing the water 
from the side the oil would flow where the strata is most permeable, and 
the oil ofttimes escaped off of the lease. 

His idea here in the use of his water flood was to circumscribe his 
producing wells so that the oil would not escape from what would be forced 
out of the producing well. 

So much for his reference to water flooding, which is the major 
portion of his specification describing the effect of his new arrangement 
of wells on the water-flooding industry. 

He then describes towards the latter part of this patent application 
the advantages of using his seven-spot well pattern on a gas drive. In 
that he pushes the gas down into the central well and drives the oil out 
to the six peripheral wells. 

By treating his field with a honeycomb of the seven-point spots 
he gets a uniform application of pressure. 

His general idea was, and he claims, this particular spacing of 
wells in order to get the best out of the secondary recovery. 

Q. Now he discloses two types of flooding operations to get out 
oil, does he not? A. He does. 

Q. And the first one has to oe: with water flooding, is that 

correct? A. Yes. 
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Q. And that description in the patent runs down to about where ? 
A. Down to line 127 on page 3, starting with: "Under sone conditions, 
it is desirable and advantageous to use a fluid which is compressible , 
such as air, natural gas, carbon dioxide, et cetera. " 

Q. He distinguishes in the patent between water flooding which 
uses so-called incompressible materials as compared with gases 
which are compressible, is that correct? A. Yes. 

Q. And he does disclose the use of up to 1600 icone pressure 
in water-flooding operations? A. Yes. 

Q. Now in connection with his gas-flowing operations that begins, 
I take it, at about that point, page 3, line 127, that you refer to; is that 
correct? <A. Yes. 

Q. Now please describe briefly what Spindler — in con- 
nection with the use of gases; what gases does he disclose? A. He 
discloses the fluid that might be compressible, such " air, natural 
gas, carbon dioxide, and so forth. : 

Q. Does he distinguish any one gas from any other? A. He 
does not. | 

Q. What pressures does he disclose there for use in connection 
with the compression of gases? A. He says that the initial pressures 
are quite substantial. I am reading from line 32 on page 4: 

"The initial pressures are quite substantial, 
varying up to 100 to 500 lbs., or higher." 

Shall I proceed with it? | 

Q. Yes. A. He then lets these pressures soak, let's say, lets 
them stand until the pressure gets down below 150 pounds, 150 p.s.i., 
and then injects his secondary recovery fluid, the gas to drive the oil 
to the other well at approximately 150 p.s.i. which causes the oil to 
flow out from the central well. 

Q. So that the step that he actually utilizes for — the oil 
is by the use of air at 150 pounds pressure? A. That is correct, yes. 

Q. What in that patent indicates to you what the term air means 
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there? Is there any question about what it means? A. No. 

Q. The Board of Appeals in its decision said that Spindler used 
the term "air" to cover all gases, including carbon dioxide. Do you so 
interpret the patent? A. No, I would not interpret it that way, no. 

Q. Actually, the example which he has given over to the use of 
air at 150 pounds is the second step where the oil is pushed down, is 
that correct? <A. Yes. 

Q. Presumably if he used carbon dioxide in such an example, 
it would be at 150 pounds per square inch, is that correct? A. Yes, 
to follow that example. 

Q. If he is blowing in air, or any other gas for that matter, at 
150 pounds per square inch, what was the pressure in the formation into 
which he was introducing it? A. It would have to be less than 150 
pounds pressure. 
| Q. So that actually in his formation he must have had pressures 
according to this example of not more than, less than 150 pounds per 
square inch, is that correct? A. It would have to be. 

Q. Because otherwise he couldn't get the gasin? A. Yes. 

Q. Does he distinguish at any point in his operation there between 
carbon dioxide and any other gas? A. He does not. 

Q. He treats them all as equivalents? A. Yes. 

Q. Does he indicate any difference in any way in connection with 
the pressure at which a gas is used, for any gas? A. No, he uses only 
this one example. 

7 Q. Is there any teaching in this patent of any criticality with re- 
spect to carbon dioxide in connection with the recovery of oil from the 
ground? <A. There is not. 

Q. Asa matter of fact, it is true that there is no element of 
criticality with respect to any gas in this patent, isn't that so? A. 
That is true. 

Q. But of course, as you said, the patent is not primarily con- 
cerned with those features because his invention lay in a particular 
pattern in which the wells were set out, is that correct? A. Yes. 
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Q. Is there any indication from any source that you know of which 
would give some meaning to the term "or higher" used in Spindler's 

definition of pressures as from 100 to 500 or higher? A. Yes. 
If I were in the year 1930 and had the experience that I had that the 
compressors didn't run any higher than 500 pounds pressure, I would 
read into that statement that what Spindler means is that you can put 
in as high as the compressor will stand. Maybe by screwing down on 
the spring release valve, speeding up your compressor, you would get 
a little higher than 500 pounds, but you don't dare go much higher be- 
cause you are going to blow the cylinder head. : 

I would read that type of statement up to 500 or: higher to mean 
just a bit higher than 500. | 

Q. Approximately what? A. Oh, I would say that most people 
would consider it safe to put in 5 percent more pressure than what the 
compressor was designed for, and certainly not over 15 percent higher 


pressure. i 


It would be dangerous to use pressures much more than 5 or 10 


above the stated pressure. 

THE COURT: Ido not know if this is pertinent! ‘put my curiosity 
dictates it. Has the pressure equipment been changed as of today so 
that the ceiling is no longer 500? : 

THE WITNESS: Pretty much, yes. Particularly very recently 
it has gone up, in pipe line work and in so far as repressuring is 
concerned. : 

It would be interesting to the Judge to know that in the early stages 
very little of this repressuring was done on sands ” were more than 
300, 400, 500 feet deep in the earth. : 

A rule of thumb is that you can apply the pressures of approximately 
the same number of pounds as you have feet. Itisa safe pressure. 

Prior to 1930, when this was being written, there were very 
few sands that required pressures. For that reason probably there is 
no tendency prior to that time to have higher pressure compressors in 
the oil industry. 3 
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BY MR. SHAPPIRIO: 

Q. You use the term "repressuring." To what were you referring 
in that connection? A. Repressuring? I am afraid I am going to have 
to go into a little bit of an explanation here. 

In primary oil production the oil in the ground is expanded by what 
they call a formation volume factor. It is the expansion of the oil due 
to the solution of natural gas. That expanded oil that is in the ground, 
should it lose its gas, its natural gas, as it does when the strata has 
been perforated ,the oil will shrink until it occupies far less space than 
it would otherwise. 
| When it starts to occupy less space it reflects up into the capillaries 
of the rock so that it becomes almost impossible to get it out. 

Therefore, many people in primary recovery will take the natural 
gas that comes off with the oil and put it back into the rock formation 
so as to hold the pressure sufficiently high, as they call it above the 
bubble point of the oil, which means that the oil will not lose its natural 
gas and will remain in the full volume rather than in the shrunken 
volume that it would have if you would release the pressures. 

That is called repressuring, putting the natural gas back 
into the ground to keep the pressure on the formation as near the 
initial rock pressure as possible. 

Q. Does that have any relation to secondary recovery? A. No, 
it is considered entirely different from secondary recovery. 

Q. Is it part of the primary recovery? A. It is part of the 
primary recovery. 

Q. What is Spindler concerned with, repressuring or secondary 
recovery? <A. He used the term "repressuring" all thrmgh his 
article here. 

Q. Such as to what point? A. The word appears at line 20, 
page 4. 

I believe that his use of that word is out of context. He uses it in 
quotes because his whole idea here in so far as this water flood is con- 


cerned is secondary recovery. 
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Q. But certainly not repressuring, as the term is understood in 
the industry? A. No. His water flood is quite understandable. He 
surrounds the body of oil with water. He says that he wants to build a 
barrier of water around this body of oil. He says we put as much 
pressure, because he uses 1800 pounds, which means that he has an 
extra deep well. That is used as a maximum figure. : He puts it down 
so that the pressure at a distance away from the well will be sufficiently 
high so that the oil will not escape sidewise but will only escape up 
| through the well. When he squeezes the grape he wants the pulp to jump 
upwards and not sideways. So that is what he is talking about in this 
water flood. ; 

Q. If you introduce carbon dioxide in lieu of air in Spindler's 
example to the same amount as he uses air there, what would happen 
to the carbon dioxide? A. It would go in solution in the oil. 

Q. And would it then have the same effect as the air in pushing 
it through there? A. No, because carbon dioxide is so much more 
soluble in oil than is air that the carbon dioxide will just go into solution 
and you wouldn't have an increase in pressure. | 

Q. Do you recall what the relative solubilities of air and carbon 
dioxide in oil, generally speaking is? A. I had ” an example of 

70 degrees and 600 p.s.i. 

Q. 70 degrees what? A. 170 degrees Fahrenheit and 600 p.s.i. 

It is ten times more soluble than is air. 

Q. Carbon dioxide? A. Carbon dioxide is ten times as soluble 

as air in the oil. | 


Q. So if you put carbon dioxide in his step where you use air, you 


are not going to push out anything with it in the same relative operation, 


is that correct? A. Yes. 

Q. Is there anything critical about the use of air recovery of 
oil under Spindler's conditions? <A. No. : 

Q. Would it teach anything critical about any other gas? A. 
It would not. 
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Q. Is there anything critical about air pressures above 600? 
A. There is not, no. 

Q. What in Spindler would suggest to you using pressures of at 
least 600 pounds per square inch? A. Nothing. 

Q. For what reasons? For those you have just given? <A. For 
the reasons I have given. 

MR. SHAPPIRIO: I should like to turn to these Russell patents, 
and I think we may treat them more or less together. I should like, if 
Your Honor please, to offer the first Russell patent 1,511,067 as 
Exhibit 19; and the second one, 1,658,305, as Exhibit 20. They are of 
course the patents relied upon by the Patent Office. 

MR. SCHIMMEL: No objection. 

THE COURT: Received. 


(Russell Patent No. 1,511,067 was 
marked Plaintiffs Exhibit 19 and 
received in evidence. 


Russell Patent No. 1,658,305 was 
marked Plaintiffs Exhibit 20 and 
received in evidence.) 


BY MR. SHAPPIRIO: 
Q. I wish you would describe briefly the operations referred to 
by Russell in his process in so far as oil recovery is concerned. A. 


Russell states that his invention is based on a phenomenon which he 


observed that oil appeared to be attracted to oil gas interface. 

3 He used for his best example of this a bubble. The bubbles are 
froth on a tank of water and oil or oily water. The bubbles in the froth 
will be very iridescent oil. The last trace of oil will be in the bubble. 


It was on this basis that Dr. Russell obtained this idea. His patent 
covers the introduction of gas-bearing water or of gas in water into 

| the oil-bearing strata so that the gas will emerge from its so- 
lution in the water in the form of bubbles. These bubbles will continue 
through the strata from just near the injection well to the producing 
well and gathering oil as it proceeds through the formation. 
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In his second patent he amplifies the froth or the bubble idea and 
says that if he can inject gas and water intermittently that he will then 
have gas-water interface. I 

He specifies in both patents that a gas must come out of the 
solution in the water or must not go into solution in the water within 
the formation because he needs the maximum of gas-water interface for 
his process. : 

Q. What gases does Russell disclose in his patent A. Practically 
the same ones that Spindler does. 

Q. In the second patent, at page 4, columnl1, — 97 to 59, he 
refers to air, natural gas and carbon dioxide. A. Yes, sir. 

Q. Is anything critical in any of those gases for his methods? 

A. No, there is no criticality. : 

Q. Nothing that he indicates as criticality ? A. No. 

Q. Does he give any specific pressures for operation? A. He 
gives no specific pressures for operation. | 
‘Tr. 94 Q. We have been told that in a well that may be 2000 feet deep, 
| the pressure may be 1000 pounds per square inch. Is that invariably 
true? A. No. It was not true in New York at the time of the Russell 
patent. | 

Q. Why do you say that? A. Well, in1919a law was passed 
in New York State permitting the use of water floods. Before that the 
law prohibited the use of water floods. At that time the law was changed 
to read that you could put water down into a well that had ceased to 
produce, that was a spent well. | 

Q. A depleted well? <A. A depleted well, yes. 

Anyone reading Russell at the time of his patent application would 
have reason to believe that Russell was thinking of an oil-bearing strata 
that was at virtually no pressure. It would not flow. | The pressure was 
down so that the oil would not even flow out to the well to let it be 
pumped up because this was a depleted well. : 

So the picture that is painted here is of using wells that have no 
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pressure, but the pressure that he can put on the initial well is 
limited by this depth. He can impress pressures, but the pressure 
as it gets to the bottom of the well will dissipate quickly, and that is 
exactly what Russell wanted, because in dissipating, his gas came 
out of the solution. 

Tr. 95 | But the picture is a formation under virtually no pressure, 
and a high pressure water, pressures above what we would find in the 
ground into his injection well. 


Q. Now suppose you are operating Russell. In the first place, 
did you find any evidence whether the Russell process had ever been 
used in field operation? A. No. So far as I know, and I certainly 
am familiar with the field, it was never used. 


Q. Suppose you were operating the Russell process with air and 


getting bubbles in water which are essential to his operation; is that 
correct? A. That is right. 


ae Moe! me Re wu Ge T 


Q. At pressures above at least 600 pounds per square inch, 
and instead of introducing air you introduce carbon dioxide: Will you 
get a bubble of carbon dioxide? What is your answer? A. The 
answer is no. The amount of carbon dioxide that would come out of 
solution of water at 600 p.s.i. is very minor in comparison with the 
amount of carbon dioxide that would go into solution in the oil, the 
adjacent oil at that same pressure. 


Q. So that a substitution of carbon dioxide or air under the 
conditions outlined with Russell would give you no bubbles if you are 
above 600 pounds per square inch? A. That is true. 


Tr. 96 Q. Could you not then operate Russell above 600 pounds per 
Square inch with carbon dioxide as disclosed by him? A. Yes, sir. 
You could not put enough gas into carbonated water at that pressure to 
form any bubbles in an oil-bearing sand, because any carbon dioxide 
that did come free would immediately go into solution in the oil. 
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Q. Does Russell teach anything of a critical character as to 
solubility of carbon dioxide or any other gas in oil? A. No. 

Q. Or as any element of criticality with respect to conditions 
under which increased oil recovery from the earth can be obtained? 
A. He does not. 
Q. Either at 600 pounds or at any other pressure? A. He does 
not. | 
Q. With carbon dioxide or with any other gas? 2 A. He does not. 
Q. Iam not sure I asked you this question. In the Russell 
process is there any difference between the gases so far as his dis- 
closure and teaching is concerned? A. No. There is no difference 
in his treatment of the gases as disclosed in his patent. 

Q. Now referring to the Squires patent, which I shall offer in 
evidence as Plaintiffs Exhibit 21, 1,249,232, what does that patent 
teach, briefly ? | 


(Squires Patent No. 1,249,232 
was marked Plaintiffs Exhibit 21 
and received in evidence. ) 


THE WITNESS: Squires patent teaches what is known as a casing 
head gas line recovery. It is concerned with evaporating the lighter 
fractions of petroleum out of the strata and condensing those at the top 
of the ground, and the taking of the gas, the carrier gas, the gas that you 
pump up through to get this light fraction out, recompressing that and 
using it over again. i 

BY MR. SHAPPIRIO: | 

Q. What kind of gas does he use? A. He uses ; natural gas. 

That is a common one. He also mentions that you can use any 
deoxidized gas. | 

What was troubling them at that time was that when they put air 
down in the ground they were fearful that the air mixed with hydrocarbons 
coming out was going to blow the plant up, and it did. It blew some of 
the plants up. | 

He taught here the possibility of using a deoxidized gas. 
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Q. And that gas was combustion gas? A. Combustion gases, yes. 

Q. What is the main ingredient of combustion gases? A. Itis 
largely nitrogen. The exhaust gases that he was contemplating here 
run 7 to 9 percent of gases other than nitrogen. 

Q. It is like the exhaust gas of an automobile? A. Automobile, 
yes. 

Q. Squires refers to the gas that he uses as non-absorbable. 
What does he mean by that. A. Well, he is differentiating there, I 
think, between using natural gas which does go into solution, and 
nitrogen which goes into solution so much less. 

Q. Does his deoxidized gas dissolve in water, for example? 

A. Very slightly. 

Q. Actually what does the Squires patent have in common with 
your process? Does it teach anything critical about any gas? <A. No, 
no. 

Q. Does it particularly concern itself with recovery of oil by the 
use of gases for removal of oil from the earth? A. No, it is a gas 
line recovery. 

Q. Gas line recovery? A. Yes; volatile recovery. 

Q. In connection withthe chartswhich we introduced earlier in 
this case, you stated that they were based on data which was obtained 
at the Montclair Research organization. I want to show you two groups 
of data sheets, one marked Report No. 3, and the other marked Re- 

port No. 4, and ask you what they are. A. These are the tables 
showing the results of the various runs of experiments that we ran in 
our oil removal work done back mostly in 1947. 

Q. This is the work that you refer to as done at the Montclair 
Research Laboratories? A. That is the work done, yes. 

Q. And was the data reported on these sheets the data that was 


used by you in the compilation of the charts or graphs we introduced? 
A. Yes. Some of those, and some already appear. Some of this data 
was used in the specifications, so the data on my reports contains what 
is in the specifications, but all is in those tables. 
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Q. What is your relation to this work, if any? A. Iwas in 
charge of it. : 

MR. SHAPPIRIO: I would offer these tables and disclosures, 
the first group under Report No. 3 being entitled, the first page, 
Table 1, COg. The second page, Table 2, nitrogen. The third one, 
Table 3, methane. In each case the chemical — are used 
on those sheets. ! 

In Report No. 4, the first page is headed "Carbon Dioxide through 
Sand at Various Pressures for 15 minutes." 7 

Tr. 100 Table 2 is "Nitrogen through Sand at Various Pressures for 15 
Minutes."" Table 3 is "Methane through Sand at Various Pressures." 
Table 4 is "Air through Sand at Various Pressures." 

I offer these pages to counsel for the defendant for inspection. I 
do not propose to include them because I do not believe they are 
necessary in view of what has transpired here. : 

MR. SCHIMMEL: Thank you. | 

MR. SHAPPIRIO: That is the plaintiffs' case. 

THE COURT: All right. Perhaps, Mr. Schimmel, so we will 
not have to interrupt, we will take the usual recess. | Give the reporter 
a change. 3 

(Brief recess.) 

CROSS EXAMINATION 
BY MR. SCHIMMEL: 

Q. Mr. Martin, will you please look at the spindler patent, if 
you have a copy before you? A. I have a copy before me. 

Q. I direct your attention to page 4 of the Spindler patent, the 
paragraph beginning in line 27 of column 1. In your interpretation of 
the disclosure in that paragraph I believe you said that 500 pounds 
initial pressure would be the maximum that could be or would be con- 
sidered to be disclosed by that paragraph. Is that correct? A. I 
believe I phrased it a little different, sir. 

Tr. 101 Q. Then would it be reasonable to say that that was the essence 
of what you are testifying as your reading of that paragraph? A. In 
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the year 1930 this phraseology would have caused me to believe that he 
was stating up to 500 pounds, and even a little higher. That is what I 


would have read into it, knowing the art. 

Q. Suppose you were reading that paragraph in the year 1946, 
before you filed the present application, would your answer be the 
same? A. It would be the same, yes. 

Q. Is it true that in 1948 there was no equipment available in the 
oil fields in which you could obtain a pressure of higher than 500 pounds? 
A. Iam afraid I am going to have to answer that to my knowledge there 
was not. It happened that the few years prior to 1948 I was in the oil 
industry, so I would have to answer it in that fashion. To my best 
knowledge and belief now, there was nothing disclosed as to compressors 
in the oil fields in 1948 that would lead me to believe that this man was 
talking about higher pressures. 

Q. I believe you stated in answer to a question from the Court 
that that is not true today, though. Is that correct? A. Today pres- 
sures are much higher. Since 1951, just about 1951 or '52, there has 
been an upsurge in the pressures used. 

Q. I believe you also stated in connection with that Spindler 
patent, when he mentioned pressures of 1800 pounds or greater, when 
he was using water as a flooding agent, that would be due to the fact that 
he had a fairly deep well; is that correct? A. Yes. 

Q. What would be the situation if the same well were being used 
when he was flooding with air or carbon dioxide? A. You mean as to 
the permissible pressures? 

Q. As to pressures obtainable. A. Iamsorry. Iam abit 
dense on that. 

Q. What pressures could he have used? 

Let us put it this way: You said the 1800 pounds pressure would 
be obtained when he was water flooding was because of the type of well 
he was using which must have been a deep well; is that correct? 

A. Yes. 
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Q. Now, using that same well but using gas flooding, what would 
be the pressure that could be obtained? A. I think I can answer 
responively that if he had said he was going to use 1800 pounds gas 
pressure, I would still have said that that would have taught me that 
that was a deep well, because if he put that much pressure on a shallow 
well it would have blown up his well. : 

Q. So when he says that he is using an initial pressure of gas at 
500 pounds at a deep well, what would be the pressure at the bottom of 
the well? A. It would probably be 500 pounds. 1 

Q. Bethe same pressure or greater pressure? A. Well, you 
would take into consideration the weight of a column of gas, the depth 
of the well, and the weight of a column of gas. I would have to guess 
at that. I would say probably that column of gas would have weighed 
maybe 25, 50 pounds. Water weighs, you see, .43 pounds per square 
foot, but gas doesn't weigh much. i 

Q. Suppose that were gas being put through a water depth? A. 
Now, wait a minute. If Spindler was putting gas -- I am sorry. Will 
you repeat your question? May I have the question again? 

Q. Well, let me put it this way: Is it not true that water is 
usually associated with those wells? A. No, I don't believe so. 

Q. There is no water at all in any of the spent wells, is that what 
you mean? A. There is no water ina gas drive well. In other words, 
you are pushing gas down into this well. You haven't any water in the 
well. ; 

Q. Let us assume that. You are getting gas down, no water in 

the well at all. Then the pressure at the bottom would be the initial 
pressure at the top, plus the head of gas? A. Yes, the head of gas. 

Q. You estimate that that might be about 70 -- A. 25 pounds. I 
am just guessing, but 25 pounds isn't too far off. | 

Q. Now, let us assume that to be the situation. | In Russell, if you 
will look at the Russell patent, isn't it true that Russell puts his gas 
into a well which has water init? A. Yes. 
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Q. Now if that were a deep well, such as you indicated would be in 
Spindler, wouldn't the pressure at the bottom of that well be greater 
than the initial pressure at the top of the well? A. Oh, yes. But you 
see his gas has to be at a pressure equal to that head of water in order 
to get it to go down to the bottom of that well. 

Q. What would that be in the case of a well that might be 1000 or 
2000 feet deep? A. Well, a thousand feet would be 432 pounds. 

Q. And between 1000 and 2000 feet it would be? A. Closer. 

Q. Closer to 600 pounds, wouldn't it, or even above 600 pounds? 

A. Yes. If you hada well, and full of water, the bottom of that 
well -- in other words, 2000 pounds would be 860 p.s.i. 

Q. You mean 2000 feet deep would be 800? A. Depth, yes. 

Q. Isn't it true that that's what Russel has? A. I think that you 
have a misconception, sir. Russell is impressing gas and water into 
a strata that is at a sufficiently lowered pressure so that the gas will 
come out of solution. I can find nowhere in Russell where he states 
those pressures. But whatever his pressure is, the pressure in his 
formation, which is the pressure we are talking about, the pressure 
in the formation must be substantially below his bottom hole pressure. 

Q. May I direct your attention to the first Russell patent, page 1, 
column 2, the last paragraph in that column, and call your attention 
specifically to the statement there that: 

"A pressure sufficient to overcome the water 
pressure." 

A. That's true. 

Q. Now, in a deep well, then, what would that pressure be? 

A. Ina deep well? The weight of a head of water -- multiply the feet 
of depth by .43, and you have got your weight of what the column 
of water would be. 

Q. If we assume for the:moment a well of 2000 feet depth -- 

A. Yes. 


Q. Then the pressure would be what, in your opinion? A. Well, 
I would guess the figure would be 860 p.s.i. 
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Q. It would be over 860 p.s.i.? A. Yes, the bottom of the well. 

Q. If as Russell indicates on page 2, column 1: the last sentence 
in that column, that the gas could be dissolved in the water prior to the 
introduction into the well, what would you say about that? Would that 
carbon dioxide then at the bottom of the well be under a pressure in 
excess of 600 p.s.i.? A. Oh, you get some expansion when you dis- 
solve it, but essentially in that neighborhood of 800 p.s.i. 

Q. Also may I direct your attention to the second Russell patent, 
again at page 3, column 1, lines 10 to 15, where he describes the 
alternate application of water and gas to effect the mixture of the two in 
the sand itself. A. Yes. : 

Q. If that is done, and carbon dioxide is the gas, would the 
pressure of the gas at the bottom of the well be in excess of 600 p.s.i.? 
A. Not necessarily, no. 

Tr. 107 Q. What would be the pressure? A. Well, I see no criteria that 
I can answer that question, in this paragraph. . 

Q. Iam predicating my question on a deep well. A. Oh. If he 
had a deep well, 2000 feet deep, and he would have had the column full 
of water, and he was putting the gas in, if the gas was going to go to the 
bottom of the well, it would have to be at the same 2 il as the 
water column, yes. 

Q. That would be in excess of 600 p.s.i., would itnot? A. If 
it were a deep well. We are still talking about pressures in the bottom 
of the well? i 

Q. In the sand. I think he speaks of mixing the two in the sand. 
A. Yes. This is the sand adjacent to the well, that's true. 

Q. In your opinion, if you were given the patent to Russell, wouldn't 
it be obvious to you or to anyone else skilled in the art that carbon 
dioxide could be used in that flooding procr'ss? A. Now you are asking 
a hypothetical question, and you will have to give me the time at which 
you were going to ask me. Are you going to ask the question back at 
that time? 
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Q. Let us take prior to the day on which the present application 
was filed, prior to 1949. A. If I were a man skilled in the art at 

that time my reply I think would be along this line: The first 
thing is carbon dioxide costs a great deal more than natural gas or air. 
Of course the compression would be about the same. Natural gas is 
either at no cost, as it would be in this case of lease gas, that is gas 
produced on the lease, or if you are buying it from a pipe line it would 
in those days have been about 15 cents a thousand cubic feet. 

Carbon dioxide can be manufactured on the lease for about $14 a 


ton, which figures out to be around 75 to 80 cents a thousand cubic feet. 
That would be one of the first things that would come in my mind, that 
carbon dioxide would have to be a whale of a lot better to justify its 


use. 

As a man skilled in the art, the use of gas generally, take natural 
gas, would not have caused me to think of using carbon dioxide. That is 
one thing. 

The other thing is that at that time they had been cursed by using 
gases, particularly using water that contained carbon dioxide and finding 
that they had very deleterious effects from it. They had adopted at that 
time the water treating process of eliminating carbon dioxide because 
carbon dioxide tends to plug up the sands. Carbon dioxide caused corrosion. 
They were fearful of it. 

So if I were this theoretical man skilled in the art as of that time, 

I don't think that I would have been tempted to use carbon dioxide, 
knowing that natural gas in either Spindler or in Russell -- 

THE COURT: May I just ask a question? 

MR. SCHIMMEL: Yes, sir. 

THE COURT: Has there been any change in the cost of carbon 
dioxide ? | 

THE WITNESS: Very little change. We can make it now for 
about $10. We have just recently, since 1950 I think it was, we have 
got this new process which we can make it for about $10. 
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THE COURT: If it be essential, then that is not a very good reason 
for it. If it is essentially the same, that is not a very good reason. 

THE WITNESS: There would be no temptation to use it until we 
found that we would get a lot more out of it. : 

THE COURT: That is hindsight even with you? 

THE WITNESS: I said at that time nobody attempted to use carbon 
dioxide. | 

THE COURT: The fact that it was costly wasn't prohibitive be- 
cause you would not have gone forward with it, would you, because you 
did not know what you were going to come out with. : 

THE WITNESS: We had a problem of trying to find a use for 
carbon dioxide. 


BY MR. SCHIMMEL: ! 
| 
Q. If we lay aside for the moment the economics of the situation, 


I direct your attention now to page 4 of the second Russell patent, 
column 2, the paragraph beginning at line 57. A. Yes. 

Q. And ask you this: If you know from Russell's statement that 
you could obtain 10 to 20 percent of the residual oil in the sand by the 
use of carbon dioxide as a fluid flooding agent, wouldn't your curiosity 
as a scientist even suggest that you try that and see whether his state- 
men is correct? A. Will you read this question again? 

(The pending question was read by the reporter.) 

THE WITNESS: I am afraid I will have to fall back on the fact 
that it didn't; that there were many more eminent scientists than I was 
at that time, and they didn't. 

BY MR. SCHIMMEL: 

Q. Were you aware of this Russell diadtoaure! at the time that 
you did your initial work? A. No. 3 

Q. Now I would like to review with you a little of your original 
work, and I would like to do it chronologically. If I understand your 
testimony, you were in charge of a research team. ‘Was that the year 
1947? A. Yes. . 
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Tr. 111 | Q. In which you were doing work on the determination of solubil- 
ities of various gases in crude oil; is that correct? A. You got your 
chronology wrong. We were doing work on the recovery of oil, and this 
work on solubility was incident to that work. 

Q. You mean to say recovery of oil, from where? A. From sand. 

Q. And in the course of that work, was that the determination 
you and your team worked on, the solubility, the determination of the 
solubility of various gases in crude oil? A. Yes. 

Q. And as a result of that work you found, I believe, that carbon 
dioxide was much more soluble in crude oil than any other gases, is 
that correct? <A. Yes. 

Q. And that was true at all pressures at which you determined 
those solubilities? A. It was'true to a smaller degree below 600, and 


greater above. But in practically all cases it was more soluble than the 


other gases, yes. 

| Q. So that to that extent is it not true that your results coincided 

with the results of the work in the publication. A. Our work coincided 
Tr. 112 with the results in that AIME article up to 600 p.s.i. You can see 

from the chart there that they are almost parallel. 

Q. But it is true, is it not, that in every instance, no matter 
what the pressure used, carbon dioxide was much more soluble in the 
oil than any other of the gases? A. Yes. Let me putit this way: I 
think to clarify it in your mind I should. Solubility of carbon dioxide at 
any pressure was greater, but'-- no, I am confusing the expansion of 
gas. That is dependent on the volume of carbon dioxide. Yes, the 
answer is yes. 
| Q. And is it true that as a result of the determination of the 
solubilities of the gases in the crude oil, you then undertook the pre- 
liminary core work that you discussed? A. No. 
| Q. That was not as a result of that? A. No, you got the cart 
before the horse. We were anxious to find out a use for carbon dioxide, 
and we were trying, and we stumbled on this thing that it has spectacular 
results on recovering oil at above 600. Naturally we wanted to find out 
why. So then we went into the solubility work. 
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| 
Q. You mean the solubility determinations were made after the 
original preliminary work on the sand cores? A. Yes, sir; that is 
right. : 
Tr. 113 Q. Now in connection with Plaintiffs Exhibit 8, which is the 
. field data on the operations at Richburg, New York, was that the first 
: field test of the use that you made of carbon dioxide at pressures over 
600? <A. That was the first field test, yes. | 
Q. Have there been any other field tests since _ A. There 
were field tests, yes; there have been several field tests, testing 
various elements. We tested first for this increase in injectivity. The 
field in New York, known as the Mon de Lis, is where we put carbon 
7 dioxide. They have been putting five barrels of water per day into the 
sand. We put carbon dioxide in at over 600 p.s.i., and it built the 
a injectivity, it went up to 16 barrels a day, which was very advantageous. 
We ran out another test in Bartleville's district, Oklahoma, where we 
were unable because of mechanical difficulties to get as much as 600 
p.s.i. in the ground, and the test fizzled out on it. We had to give it 
up because of mechanical difficulties. | 
There were one or two other cases where we have put it in the 
field just to find out some specific answer. | 
Q. In connection with this field report on the Richburg, New 
York, operation, can you point out in this report wherein you say that 
you use a pressure in excess of 600 p.s.i. for the carbon dioxide ? 
A. Iam sure I can testify we did. Let me get that thing. I will have 
Tr. 114 to find it. ! 
: I think you could read it into the fact that we gaid that the water 
a was injected from 600 to 1000. ! 
Q. That's the water. That's not the carbon dioxide? A. No. 
Then we said a little bit further down there that we pumped the gas in 
the daytime and the water in at night. That's on the third column there. 
MR. SHAPPIRIO: Third column, what page? 
THE WITNESS: Third column, page 1. | 
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BY MR. SCHIMMELL: 

Q. No indication of what the pressure of the carbon dioxide is, 
though, is there? A. Unless you want to go around it. But what I was 
going to say was that you pump the gas in in the daytime and the water 
in at night. If you were putting water in at 1000 p.s.i. it would come 
right back on you if you dropped the pressure in the daytime to much 
less. In other words, it would flow back on you. That would be an 
explanation which you would have to take my word for. You can't pump 
for a short time water at one pressure and then stop it and pump some- 
thing else at another pressure, because the water you put in at 1000 
pounds is going to come back at 1000 pounds. 

Q. Wecan say this: There is no express statement in this pub- 


lication that the carbon dioxide was introduced at a pressure of in 


excess of 600 p.s.i.? A. Inever looked at this article to see that, 

and Iam sure that you have and I will take your word for it. 

Q. Ican't find it. A. But I can testify this, sir: that I was there 
when this test was made, and the very fact that we say that we put dry 
ice in the cylinders, dry ice goes back and sublimes at room pressures, 
room temperatures. It sublimes and fills a cylinder so that the pressure 
is in excess of 700 pounds. That is a physical fact that will stand the 
examination of anyone. 

We say here that we put this gas down into the well. 

Now I can further testify from my notes that I took on the job 
that we maintained that pressure out of these cylinders, so that we did 
put down in excess of 600 pounds all the time. 

Q. How deep was that well? A. Roughly, 1200 feet deep. 

Q. So in essence, is it any different than what Spindler has dis- 
closed when he was using 1800 pounds pressure of water and then uses air 
pressure, carbon dioxide? A. He never used air pressure on the 
same well. He was talking about two different breeds of cats there. 

Q. It was the same wells he was using? A. No, Spindler speaks 
of the water flood. You see, he has a different arrangement for water 
flood. 
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Q. It's the same well, the only thing is he reverses the direction 

of the flow; isn't that true? A. I didn't read it that way. 

Q. Aren't they the same wells and he just reverses the direction 
of the flow? A. You mean both of them are oil wells? 

Q. Yes. A. He would not ever put down 1800 pounds of water 
into these six peripheral wells and then turn around and put the gas 
down in this one well and bring his oil up his six outside wells. Tam 
afraid I am not following you. : 

Q. I notice in connection with Plaintiffs Exhibit 12, which is the 
publication on the new carbon dioxide process and the cost studies involved 
in that process, I cannot find anywhere in that publication either an 
express statement that the carbon dioxide pressure is in excess of 600 
pounds per square inch. Do you remember its being at that? <A. I 
would have to look. At the time I wrote this article most everybody 
knew what the Orco Process was. Let me look. : 

Q. In connection with what you say that process is -- 

MR. SHAPPIRIO: Did you want me to answer that question? 

MR. SCHIMMEL: He said he didn't. | 

MR. SHAPPIRIO: I thought he said he was going to look. 

MR. SCHIMMEL: Pardon me. I thought he answered it. 

THE WITNESS: Well, I got ahead of it, on page -- these pages 
are not numbered -- on the fourth page: 3 

"Cost of producing carbon dioxide with this plan 
would be $13.38 per ton as gas at 1000 p. s. i. in- 
cluding full amortization of the cost of the plant 
during the life of the flood." 

It would be indicative to anyone that I was talking about COs at 
1000 pounds pressure, because it costs money to compress it. 

BY MR. SCHIMMEL: | 

Q. In your using your process, can you operate and get sub- 
stantially the same results below 600 pounds per square inch pressure 
as you get above 600 pounds per square inch of pecsonne? A. No, you 
cannot. 
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Sir, may I go back to my question. Inasmuch as I stumbled into 
this one and hadn't found the next one, which is also indicative: 
| "From existing experience the Orco Process may 
now be used for secondary and tertiary recovery on 
almost any area which has been proved satisfactory for 
normal water flood when a pressure of more than 800 p.s.i. 
can be safely applied to the oil sand." 
Q. Where are you reading from? A. The top of the last page. 
MR. SHAPPIRIO: From what? 
THE WITNESS: This same article. , 
MR. SHAPPIRIO: Exhibit 12, that is? 
THE WITNESS: Exhibit 12, yes. i 
Now I was allowing myself some leeway there, but I certainly 
indicated I wanted to put it in above 600 p.s.i. 
BY MR. SCHIMMEL: 
Q. You are familiar, are you not, with the application that 
was filed in the Patent Office in connection with your brine case? 
A. Yes. 
Q. I show you the original specification, page 5, that is Plaintiffs 
Exhibit 4, page 5, the first paragraph on the page, about the middle of 
the paragraph the statement appears, and I quote: 
"The pressures at which such carbonated solutions 
may be employed may be materially lower than 600 
p.s.i." 
Can you give us an indication of what that means "materially 
lower than 600 p.s.i.''? A. I know what it means, but whether you 
are going to say whether that's what it says, that's something e]se. It « 
means if you are putting what we term an adjuvant in you can use 
lower pressures in this brine. 
Now the brine has to have those adjuvants in there. 
Q. There is nothing in this particular paragraph that mentions 


adjuvants, is there? A. Not that I know of. Let me see. No, there 
is nothing in that paragraph. 
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Q. Can you tell us with respect to the statement there that the 
pressure at which the aqueous solution will carry at least 2 cubic feet 
of COg of cubic foot of carbonated solution translated into pounds per 
Square inch? Can you give us any indication of what that would be? 

A. Is the aqueous solution of brine solution? , 

Q. The same paragraph. A. Aqueous solution in salts. It 
would depend upon how strong the brine solution is. I could not give 
you that. 

Q. But it would not necessarily be 600 p.s.i., would it? A. Be- 
cause it would depend upon how strong a brine it was. . 

Q. You testified in connection with the publication in the petroleum 
development and technology book of 1926, which is Plaintiffs Exhibit 16, 
in connection with the chart shown on page 58 of that publication, which 
I believe you said shows that carbon dioxide decreases the viscosity of 

crude oil much more than that of natural gas, is that correct? 
A. More at the same pressures. 

Q. At the same pressures? A. Yes. | 

Q. As one skilled in the art, with the evidence shown on that 
chart, would it be apparent to you that carbon dioxide would be prefer- 
able to natural gas as the gas flooding agent, all other conditions being 
equal? A. All other conditions -- you mean cost and corrosiveness 
and all those other things thrown out the window? 

Q. Thatiscorrect. A. It would have been at the 400 pounds, 
which appears to be the tested area. Natural gas would have reduced 
the viscosity to 45 percent, by 45 percent, and the carbon dioxide 
would have reduced it to 60 percent, or one-fourth more. 

Q. I believe the figures show it for 500 per Square inch, do they 
not? <A. Yes. In the tail end of his report he said he did not go much 
over 400, sometimes he went up to 500, but he let it settle back to 400. 

Q. Would your answer be that there would be an advantage, then, 
in using carbon dioxide instead of natural gas, everything else being 
equal? A. Youare tying your question to recovery of oil ? 
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Q. Thatis correct. A. Yes. The effect of viscosity on recovery 
of oil, there has never been anything shown where you can predict the 
increased recovery of oil by the viscosity change, so I don't know. 

Q. Let us forget the predictable part, but would it be expected? 
Would it be expected or would it be advantageous if one gas decreased 
the viscosity of the oil considerably more than another gas, to use that 
gas, everything else being equal? A. Yes. But what I am trying to 
bring out is that the people in the industry on this very point brought up 
the fact that if you have a higher gas-oil ratio you put more gas in, you 
get turbulence. So you tie your question and ask me whether it is going 
to make more oil come up out of the ground. I can't answer you be- 
cause there are conflicting effects. 

Q. If the viscosity of the oil were decreased, you would expect 
more oil to come up? A. If that alone, and that alone happens when 
you put gas in. 

Q. Just concentrating on the viscosity factor alone, as you re- 
duce viscosity would you expect to get an increased production of oil? 
A. I don't know how much, but it should bring more oil. If you would 
have more gas line out you would get more gas line out that you would 
crude oil. 

Q. You may not be able to predict what that incre se will be, 
but you can expect, can you not, that you can get more oil? A. I 
don't want to fence with you, and it sounds like Iam, but as was 
brought out in this very article, if you increase your gas-oil ratio, you 
get into another trouble which is not viscosity. So if you ask me the 
question whether it decreased viscosity, yes. Would it get more oil 
out of the ground, I don't know. I can't predict. 

Q. Could you expect, though? A. These fellows didn't. They 
knew more about it than I did. They said it was going to cause you 
trouble. 

Q. That's not answering the question. A. Iam sorry. 

MR. SHAPPIRIO: I think it is an honest attempt to answer the 


question. 
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THE COURT: Can you answer it or not? 

THE WITNESS: No, I cannot answer it. ! 

THE COURT: All other things being equal, would the lessening 
of the viscosity lead you to expect more oil? : 

THE WITNESS: Your Honor, I can answer that question that if the 
viscosity was lowered, regardless of how it was — yes, I would 
expect it. | 

THE COURT: Then you have explained other side effects. 

THE WITNESS: Then I have said that these side effects, putting 
more gas in, does not give you this pure effect of reduced viscosity. 

MR. SCHIMMEL: I think that is all I have, Your Honor. 

MR. SHAPPIRIO: I have a few questions, Your Honor. I don't 
like to drag this out. : 

THE COURT: That is all right, sir. You will La as long as 
necessary. | 

REDIRECT EXAMINATION 
BY MR. SHAPPIRIO: 

Q. With reference to the Russell patent, you were asked about 
putting CO» into a deep enough well so that you had a gas introduced at 
pressures of approximately 860 p.s.i. A. Yes. | 

Q. Would you get bubbles of gas in Russell at such pressures? 
A. You would not, no. 

Q. So that you would have to operate Russell in a process which 
he does not teach in order to get what they are oe about? A. That 


is true. 


Q. Under such conditions? A. Yes. The quetions were 


limited to pressures in the injection well. 

Q. In answer to the Court's question earlier, it was my under- 
standing that you said you did not know what you were going to get in 
connection with the extent of oil recoveries when you started in this 
work; is that correct? A. Yes. We did not know. | 

MR. SHAPPIRIO: I was trying to tie that into the oe 
question. 

That is all. 
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MR. SCHIMMEL: May I just ask one or two more questions in 

connection with this release of gas bubbles? 
BY MR. SCHIMMEL: 

Q. Am Ito understand that in connection with your operations 
where the pressures are in excess of 600 p.s.i. there is no release of 
gas bubbles? A. That is true. 

Q. Regardless of temperatures, pressures, or anything else? 

A. Now wait a minute. All processes above 600 p.s.i., and our process 
contemplates an effective pressure in it. 

Q. What about temperature in the well? Will that create any re- 
lease of gas bubbles? A. You would have to go out of the range of 
normal pressure, normal temperatures, to create any bubbles. The 
solubility of carbon dioxide even at temperatures as high as 130 degrees 
Fahrenheit, which is about the top that I have ever heard of ina 
secondary recovery operation, it would not then, there is adequate © 

solubility of carbon dioxide in the oil and water that there will be 
in that sand to dissolve all of the carbon dioxide that you would put in a 


carbonated water. 
| Q. Would that be true whether they used water or brine? A. 
Yes, it would be true whether you used water or brine. But I was 
thinking of water solubilities. Brine dissolves less carbon dioxide. 

Q. I would like to call your attention to page 8 of the application 
involved in the second suit, which I believe is Plaintiffs Exhibit 4. 
In the first full paragraph of this application is described the charging 


of carbon dioxide brine, and in this particular paragraph he is speaking 
of the action of alkylolamines. The last sentence of that paragraph 
says: 
"The introduction of such highly charged solutions 

into the earth strata where high temperatures prevail 

will generally result in an immediate release of at 

least a substantial part of said carbon dioxide." 

A. Yes. 
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Q. That is release from the solution, brine solution, is it not? 
A. No, that's a diethylamine solution that we are talking about there. 

Q. Aren't you including alkylolamines as brines too? <A. No. 

Q. You don't include that asabrine? A. Well, that is a solu- 
bility modifying agent, and that would be true. But let me go further 
than that. If you put diethylamine solution of carbon dioxide down into 
a well, and it hit a temperature of 130, it would release carbon dioxide, 
but that carbon dioxide would immediately go into solution in the oil that 
was there at the bottom of the well. 

Q. Would you say in the process of Russell there would be no 
release of carbon dioxide, regardless of how much carbon dioxide you 
put inthere? A. No, I would say there would be no release of the 
carbon dioxide within the oil-bearing strata. I should have said that if 
I didn't. Iam not talking about what happens at the bottom of the well. 
I am talking about when it is released into the oil-bearing strata. In 


either case the amount of oil that is there would dissolve the carbon 


dioxide, solubles would not pass through the strata. 

MR. SCHIMMEL: That is all I have. 

MR. SHAPPIRIO: That is all. 

THE COURT: Is that all you have? 

MR. SHAPPIRIO: Yes, sir. 

MR. SCHIMMEL: I have nothing other than the folder that Your 
Honcr has on your desk which in this case in a sense is duplicated, I 
guess. It is a complete duplication, isn't it, because your exhibit has 

the Examiner's statement and the decision of the Court of Appeals 
as well. 

I do not know under those circumstances whether we need to 
formally introduce this or not. 

THE COURT: I would say not. | 

So that you will be protected on the record, it is understood that 
the exhibit of the plaintiff does embrace all the matters which you would 
normally present? 
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MR. SCHIMMEL: Present to the Court. 

THE COURT: And if there be any vacancy or voids -- 

MR. SHAPPIRIO: He can add it. 

THE COURT: They can be supplied. 

MR. SHAPPIRIO: At any time. 

THE COURT: And we will not clutter the record. 

I think, gentlemen, I will recess at this time to give you a chance 


to iat ready for your argument tomorrow morning, because I would 


like to have the argument in the light of everything that has transpired. 
We will recess at this time until tomorrow morning at 10 o'clock. 
(Thereupon, at 4:05 o'clock p.m. , the trial was recessed until 


Thursday, June 13, 1957, at 10 o'clock a.m.) 
* 5 aK 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


JAMES W. MARTIN ET AL 
Plaintiffs _ | 
v. : CIVIL ACTION 
ROBERT C. WATSON 7 NO. 4241-55 
COMMISSIONER OF PATENTS i 
Defendant 


CLAIMS IN ISSUE ! 
1. A method of treating a subterranean hydrocarbon-bearing 
formation which comprises passing carbon dioxide into the formation 
at an effective pressure of the carbon dioxide of at least 600 p.s.i. to 
increase the solubility of the carbon dioxide in the hydrocarbons present 
and to produce an effluent containing hydrocarbons and recovering hydro- 
carbons from the effluent. : 
2. The method of claim 1 in which the treatment with carbon 
dioxide is carried out in the presence of water. : 
9. The method of claim 1 in which the carbon dioxide is in the 
form of carbonated water. | 
32. The method of claim 1 in which the treatment is carried out 


in the presence of methane. 
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PLAINTIFF'S 

EXHIBIT NO. 2 

FOR ID. UNITED STATES DISTRICT COURT 


FOR THE DISTRICT OF COLUMBIA 


JAMES W. MARTIN ET AL 
Plaintiffs : 
Vv. : Civil Action No. 4242-55 


ROBERT C. WATSON 
COMMISSIONER OF PATENTS 


Defendant 


CLAIMS IN ISSUE 


3. A method of treating a subterranean hydrocarbon bearing 
formation which comprises passing carbon dioxide into the formation 
at an effective pressure of the carbon dioxide of at least 600 p.s.i. to 
increase the solubility of the carbon dioxide in the hydrocarbons present 
and in the presence of brine, to produce an effluent containing hydro- 
carbons and recovering hydrocarbons from the effluent. 

3. A method as set forth in claim 3 in which brine and carbon 
dioxide are both introduced into the formation. 
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PLAINTIFF'S EXHIBIT NO. 3 
77 PAGE NO. 1/4 


PETITION 
[Mail Division June 30, 1949] 


To The Commissioner of Patents: | 

Your Petitioners, James W. Martin, Frederick A. Hessel, John 
B, Rust, and Irving P. Hammer, citizens of the United States and 
residents respectively of Tuckahoe, County of Westchester, State of 
New York; Upper Montclair, County of Essex, State of New Jersey; 
East Hanover, County of Morris, State of New Jersey; and Belleville, 
County of Essex, State of New Jersey; and whose post office addresses 
are respectively 94 Overlook Avenue, Tuckahoe, New York; 4 Cherry 
Street, Montclair, New Jersey; 4 Cherry Street, Montclair, New 
Jersey; 4 Cherry Street, Montclair, New Jersey, pray that Letters 
Patent may be granted to them for new and useful improvements in 


RECOVERY OF HYDROCARBONS 
set forth in the annexed specification which is a continuation-in-part 
of application Serial No. 64, 402 filed December 9, 1948; and they 
hereby appoint Sol Shappirio, Washington Loan & Trust Building, 
Washington 4, D. C., their attorney, with full power of substitution 
and revocation, to prosecute this application, to make alterations and 


amendments therein, to sign the drawings, to receive the patent, and 
to transact all business in Patent Office connected therewith. 


/s/ James W. Martin 
/s/ Frederick A. Hessel 
/s/ John B. Rust 

/s/ Irving P. Hammer 





EXHIBIT NO. 3 
Page No. 1/2 

SPECIFICATION 
To All Whom It May Concern: 

Be it known that we, James W. Martin, Frederick A, Hessel, 
John B. Rust and Irving P. Hammer, citizens of the United States and 
residents of Tuckahoe, County of Westchester, State of New York; 
Upper Montclair, County of Essex, State of New Jersey; East Hanover, 
County of Morris, State of New Jersey; and Belleville, County of Essex, 
State of New Jersey, respectively, have made new and useful improve- 
ments in 
RECOVERY OF HYDROCARBONS 

of which the following is a specification: 


EXHIBIT NO. 3 

PAGE NO. 1 
1 This invention relates to a process for the recovery of hydro- 
carbons, such as petroleum, from subterranean strata or formations 
containing such hydrocarbons especially petroleum and is particularly 
concerned with an improved process for the recovery of such hydro- 
carbons from subterranean strata or formations from which the oil 
contained therein cannot be economically recovered by methods here- 
tofore available in the art. 

It has long been known that the recovery of oil or related hydro- 
carbons from subterranean strata or formations is quite inefficient 
from the standpoint of the oils or similar hydrocarbons which are left 
in the strata or formations. By the methods of what may be called 
primary recovery where the oil and gas are obtained under the pressures 
naturally existing in the strata, it has been variously estimated that 
only a fraction of the oil or other hydrocarbons is obtained about 20 to 

Ex. 3, p. 2 30%, depending on the particular fields and conditions. As a 
result many methods have been suggested for recovering such residual 
oil or hydrocarbons from the subterranean horizons. Such methods 
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include procedures for driving out residual oil or hydrocarbons and 
various fluids have been proposed and utilized in such drives. Gaseous 
drives employing air, nitrogen, natural gas or methane, etc., have 
been proposed and to some extent utilized. Aside from hazards and 
adverse effects which may be faced in the employment of elemental 
oxygen or oxidizing gases, such methods although partially successful 
in recovering a portion of the residual oil in such strata, do not 
generally recover under best of conditions more than 20% of the resi- 
dual oil and usually account for considerably less than that figure. The 
liquids, principally water, have been used in water flooding in efforts 
to drive out residual oil from the strata but such liquid or water drives 
have also not been more successful than the gaseous drive in that they 
account for recoveries of the residual oil in the formations of not 
more than about the same amounts as those recovered by the gas drives. 
The fluids both gaseous and liquid have generally been utilized at rela- 
tively low pressures. While higher pressures have sometimes been 
proposed, they have generally not been utilized in practice and such 
higher pressures with the stated drives do not appear to warrant such 
higher pressures since the recoveries with the stated drives are not 
materially higher to justify the use of the higher pressures. At best 

Ex. 3, p.3 therefore even with the gas drives and water flooding operations 
some 60% more or less of the original oil or other hydroc arbons in the 
subterranean strata or formations remains therein and no methods 
have been devised in the prior art which are feasible commercially for 
obtaining greater recoveries. : 

Among the objects of the present invention are methods for re- 
covering oils and other hydrocarbons from subterranean strata or for- 
mations in which substantially higher recovery aia are obtained by 
economically feasible procedures. 

Further objects include such methods which are: applicable to 
recovery of such higher yields of oils and related hydrocarbons from 


subterranean strata under the varying conditions and character of 


strata. 
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Still other objects and advantages of the present invention will 
appear from the more detailed description set forth below, it being 
understood that such more detailed description is given by way of 
illustration and explanation only, but not by way of limitation, since 
various changes therein may be made by those skilled in the art, 
without departing from the scope and spirit of the present invention. 

The following detailed description is taken in connection with 


the accompanying drawings, in which 


Figure 1 is a vertical section through a representative oil 
horizon for secondary oil recovery and related operations; 

Figure 2 depicts a vertical section through a modified input 
well for use in the system shown in Figure 1; and 

Figure 3 shows a further modified form in vertical section 
where a Single well is employed. 


In accordance with the present invention, carbon dioxide at 
high pressures is utilized for the recovery of oils and related hydro- 
carbons such as petroleum, etc., from subterranean strata and for- 
mations containing such oils or other hydrocarbons. The pressures 
utilized are critical and when so employed result in phenomenal 
recoveries of the desired oil or other hydrocarbons. It has been 
found that carbon dioxide under high pressures, that is pressures of 
about 600 p.s.i. or above the range from about 600 to 700 p.s.i., 
depending to some extent on the nature of the oil or other hydro- 
carbons being recovered, and the character of the formations being 
treated, represent a critical pressure at and above which the recover- 
ies of oil or other hydrocarbons from the subterranean strata or for- 
mations increases sharply and markedly. The results obtained are 
peculiar to carbon dioxide and are not exhibited to any comparable ex- 
tent by other fluids that have been used in fluid drives for recovery of 
oil or related hydrocarbons from subterranean strata as will more 
particularly be pointed out below. From the stated range where such 
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marked sharp increase in recovery of oil or related hydrocarbons 
is obtained, the pressures may extend over a substantial range but 
generally there is no need to use pressures above 1000 p.s.i. anda 
maximum recovery is generally shown in the range of about 800 to 
950 p.s.i. depending again on the conditions of the operation, the 
character of the strata or formation encountered, and possibly other 
factors or to view the recovery from a somewhat different standpoint, 
it may be stated that after such treatment with carbon dioxide in the 
pressure ranges indicated, the oil or other hydrocarbons remaining 
in the subterranean strata or formations is very markedly less than 
is obtained with the best of prior art practices, and the residual oil 
or other hydrocarbons may be reduced to as little as 10% and less, -- 
in sharp contrast to the residual oils of as much as 40% left in such 
subterranean strata by the use of prior art methods. : 

It has been pointed out above that the use of carbon dioxide under 
high pressure is essential in carrying out the eoexeit invention. How- 
ever as will be illustrated below, this does not mean that other methods 
and procedures may not be utilized with the carbon dioxide treatment 
in accordance with the present invention, and does not mean that other 
materials may not be present or used concurrently or conjointly with 
the carbon dioxide in accordance with the present invention. In fact 
as it will be pointed out below it is possible to carry out the recoveries 

by the use of carbon dioxide with the utilization of other agents 
conjointly therewith. Nor is it necessary that the carbon dioxide be 
used as such but it may be in solution as in water. It is however 
essential that carbon dioxide be utilized and that it be employed at 
minimum pressures of the order set forth above. In the utilization 
of the carbon dioxide under pressures of the order set forth above, 
the pressure referred to may be the initial pressure under which the 
carbon dioxide or fluid containing it, is introduced into the suvterran- 
ean strata particularly where conditions are such that the introduction 
of the carbon dioxide at such initial minimum pressures will insure 
pressures of the order indicated or approximating them, in the strata 
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into which the fluid is introduced. For best results, the order of 
pressures referred to, should be maintained in the strata themselves 
whereby maximum recoveries at any particular given pressures will 
be obtained; and the maintenance of such pressures in the strata them- 
selves may be insured by various factors which may include the nature 
of the formations themselves, valved control of the exit pressures, and 
in other ways. The pressures referred to are those utilized under the 
conditions prevailing in the well. These pressure relations will apply 
to temperatures found in most oil wells. In deeper wells where tempera- 
tures of above 125°F may prevail, such higher temperatures should be 
considered with respect to the pressures at which the carbon dioxide is 
introduced to make the necessary adjustment. 

The optimum pressure at the inlet well is believed to be of pri- 


mary Significance. It may be that there is some tendency for the 


pressure to dissipate itself, in some formations in any event, but even 


So, in such cases the initial pressure head is believed to be a significant 
factor. Thus, the effective concentration of the carbon dioxide at the 
active "interface" appears to play a most important effect. Main- 
tenance of pressure at the reactive zone is accordingly most desirable 
whether or not the pressure is maintained throughout the entire strata. 
The present invention therefore covers the use of carbon dioxide at the 
pressures indicated, both as an initial pressure applied to the stratum 
from the inlet zone or well, in addition to maintenance of such pressures 
throughout the strata, and any combination of operations including either 
or both of those expedients. Regardless of any explanation that may be 
offered, the results obtained by the present invention are of great signi- 
ficance as pointed out herein. 

A number of factors appeal in the use of carbon dioxide under 
high pressure for recovery of oil. Of these factors, the solvent action 
of a fluid containing carbon: dioxide and oil, is the greatest. This action 
is most evident at pressures around 800 p.s.i. or 24% carbon dioxide, 
equivalent to COg: oil ratio ofabout 1:3 or about one-third. It has been 
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found that the removal of oil from oil-sands is much accelerated when 
the carbon dioxide pressures are above about 600 p. s. i., but at a point 
above about 850 p.s.i. this acceleration lessens until between about 900 
and 1000 p.s.i., the recovery curve tends to lessen off . In connection 
with this phenomenon a number of features may be noted. 

In the first place, the apparent solubility of carbon dioxide in oil 
increases at an accelerated rate within the stated pressure range. The 
maximum apparent solubility within this range of pressures is, for 
certain oils, as much as 260 volumes of carbon dioxide per volume of 
oil, i.e., for each cubic foot of oil, weighing say 50 pounds, there is 
absorbed 260 volumes of COo weighing 26 pounds. This is equivalent 
to approximately 34% COg and a COs:oil ratio of 1:3. : Of course other 
values up to such maximum are possible. Itis believed that in such 
cases, Solution of COg in oil is indicated, rather than a mere mixture, 
Since if a definite amount of COg enters the oil, no further addition of 


COg is possible at a given pressure. It may be noted further that liquid 


carbon dioxide and oil are not miscible. 

In the second place, the viscosity of COg (at 20%) increases al- 
most four-fold between the pressures of approximately 810 to 950 p.s.i. 
The viscosity of CO» at approximately room temperature and up to 
810 p.s.i. does not exceed .0186 centipoises, and above 800 p.s.i., 
the viscosity is not less than 0.0697 centipoises. (For comparison, 
water at room temperature has a viscosity of 1 centipoise, gasoline 
.6§ centipoises, and crude oil about 6 centipoises. ) Since the viscosity 
of crude oil may be reduced by 60% if it is saturated with natural gas 
at around 600 p.s.i., COg with its much greater solubility in oil (up to 
ten-fold) may reduce the viscosity of crude oil from 6 to much lower 
values, depending on the amount present, and ultimately to something 
less than .6 centipoises or to a viscosity less than that of gasoline. It 

is to be expected that the solubilities of CO. in ‘the different 
crude oils varies substantially and that COg is soluble not So much in 
the entire mixture called crude oil, but rather in certain components 
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thereof. Such action converts these selective components or fractions 
in effect into "lighter fractions" which exhibit solubility for heavier 
components in the oil. 

In the third place, between about 800 and 900 p.s.i., the volume 
of the CO9-oil fluid increases with the addition of carbon dioxide, which 
increase may amount to about 20% by volume. An increase in volume 
of only 20% coincident with the addition in weight of 34% indicates that 
the COo:oil fluid has a specific gravity greater than the original crude 
oil, and thus settle downward in the oil-sand. Such COg:oil fluid ex- 
hibits specific gravity, viscosity, and solvent power towards petroleum 
compounds comparable with carbon disulfide, carbon sub-oxide, or 
carbon tetrachloride. 

These three features, namely increase in solubility of COg in 
oil, increase in viscosity of COo, and increase in volume of the COg:oil 
fluid, all at or within the critical range of pressures, have their effect 
in the acceleration of oil removal by CO»; by the factor of solvent 
action of oil on carbon dioxide. 

Another factor of importance is reduction of surface tension, 
which tends to exert its effect prior to the acceleration of the solubility 

of the oil on CO. It aids solubility by tending to release the oil 
from the smaller pores of the oil sand. There are indications that COg 
below 100 p.s.i. in an oil-water mixture has a negative effect on the 
release of oil from oil-sands but at pressure above 100 p.s.i., ithas a 
slowly increasing advantageous effect. The pH of CO, in water solution 
fairly constant above 100 p.s.i., increases rapidly below 100 p.s.i. and 
is neutral at 0 p.s.i.a. The possibility of CO» acting to reduce surface 
tension is indicated by the fact that carbonic acid (HgCO3) is known to 
react as a hydroxy derivative of formic acid. Traces of formic acid 
and other fatty acids and their soaps have the power of materially lower- 
ing the surface tension of oils. The COg:oil ratio in the unfavorable 
pressure range below 100 p.s.i. is believed to be best indicated by the 
solubility of COg in oil and brine, at pressures below 100 p.s.i. Such 
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solubility is not above 5 volumes which is about 1.2 in percent by 
weight. Thus, the COg:oil ratio might be in the neighborhood of 1. 84. 
However, COg in concentrations above 1% or in COp9:0il ratio less 1:80 
has a beneficial effect on the separation of oil from sand and this bene- 
ficial effect on the separation of oil from sand and this beneficial effect 
may be due to a decrease in surface tension of the oil. 

In the case of all of the features under discussion, time will be 
required for the CO9 to reach the area in the sand in which the oil is 
located. This time can be measured by the rate of flow of COg from 

11 inlet to outlet of the oil-sands plus certain incremental time 
necessary for the COg to penetrate into less permeable areas. At 
present, the normal flow of water and oil is at a rate of 2 to 5 inches 
per day over the 300 to 700 feet intervening between inlet and outlet 
well. It is believed that even if, with COg, this rate is accelerated 
there will be ample time for all the above mentioned forces to come 
into full play. The possible effect of time on the forces bringing about 
oil recovery with COg are given below. In the reduction of surface 
tension time probably plays an unimportant role - the surface tension 
is conceivably reduced immediately on contact with a definite minimum 
concentration of COg. | 

In connection with increased permeability of the sand time is a 
major factor. A solid, alkali-earth carbonate or silicate incrustation 
or iron deposit must react chemically to form bicarbonate which, in 
turn, must dissolve in a liquid, the solution thus formed must be re- 
moved from contact with the surface of the solid and fresh liquid must 
be presented for further chemical reactions. These are time -consum- 
ing actions and can be hurried only by speed or turbulence of flow of the 


liquid or by temperature changes - nore of which are available to an 


appreciable extend under field conditions. 

The action of COg on bacterial growth and on clays is less time- 
consuming and probably is accomplished in a few hours after COg9 to the 
concentration of 1% reaches their vicinity. 
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Solution of oil in COs is also believed to be an actual contributing 
force in field work. The action of COg on residual oil after the main 
portion of oil has been recovered will be of a scavenging nature. Some- 
where between 1% and 5% of oil will be found in the CO» remaining in 
the sand so long as CO9 under pressures above say 600-800 p.s.i. is 
in contact with any residual oil in the sand. The rate of solution may be 
slow but if CO» be recycled slowly through the sand after the major 
portion of the oil is removed by the COo:oil fluid, the remainder of the 
oil may, in time, be dissolved out by the CO». 

Considering solution of COg in oil the time required may be 
divided into intervals: (a) The time required for COg to reach the oil 
in the oil-sands. This rate may be in the neighborhood of 2 to 10 
inches per day. (b) The time necessary to form the COg:oil fluid. 

This is accomplished fairly rapidly, (c) The time necessary for the 
fluid to dissolve all components of the crude oil or dissolve unreacted 
oil. This rate is influenced by rate of flow and turbulence of the fluid 
over the oil bearing sand. Turbulence can be ruled out. Rate of flow 
as well as amount of flow of fluid over oil bearing sand can be increased 
by oscillation or waves of pressure applied to the oil-sands under treat- 
ment. Normally there will be two motivating forces for causing the 
COg9:oil fluid to pass any given section of oil bearing sand - on the flow 
from inlet to outlet wells - the other the downward flow of the fluid as 
formed because ofits higher specific gravity. 

The two forces, namely, increased permeability of the sand, 
and solution of oil in COg may be expected therefore to assist in the 
removal of oil after the major factor due to increased solubility of CO» 
in oil, has spent at least its initial effect. The oil dissolved out by the 
COg may continue to drain from a sand made more permeable by the 
COo9, for several months after the initial flood of oil has passed. 

These two forces may be further briefly discussed. 
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Referring to increased permeability of the sand there are 
several factors that amplify this force in the recovery of oil from oil- 
sands: of common gases under the pressures contemplated herein, 
COg permeates the Soil more readily than the other gases and thus may 
more readily permeate the oil sands; Calcium and magnesium carbona- 
tes and silicates partially, or entirely, seal off some of the pores in an 
oil-sand thus rendering the oil in these pores less available to re- 
covery. COg in water (H9CO3) tends to dissolve these compounds and 
thus free the oil. Pressures of around 100 p.s.i. or say concentration 
around about 1% COg in water would be ample to accomplish this but as 
the calcium and magnesium salts are converted to soluble bicarbonates 
they would require at least 6 lbs. of CO» for each 1 Ib. of alkali salt 
dissolved. It would mean that higher pressures must be maintained; 
(c) Where sands have been water flooded, iron from the water used is 
precipitated in the pores of the sand thus obstructing the free flow of 
oil through the sands. COs concentrations of the order mentioned in 
(b) above, will be required to redissolve the iron to form the relatively 
soluble ferrous bicarbonate, (d) Where sands have been water flooded 
the water offtimes introduces algae-like bacterial growths in the sand 
pores. These growths will be destroyed by a change in Ph of the sands. 

14 Here again, the Ph of around 3.3 produced by COs under pressures 
of 100 p.s.i. and above may accomplish this. This pressure of 100 
p.S.i. is equivalent to a CO», concentration of around 1% COg; (e) 
slightly alkaline or even neutral waters introduced into an oil-sand 
containing clays frequently cause the clay to swell or disperse. This 
interferes with the flow of oil. COg above 100 p.s.i. (pH around 3.3) 
will prevent this swelling or dispersal. 

With respect to solution of oil in COog, crude oil may be said to 
be soluble in COg to the extent of 1% - 5%. The solvent power appears 
to vary with the density of the hydrocarbons dissolved. Thus, CO» at 
1,000 p.s.i. dissolves about 5% of the components of crude oil that 
are lighter in density than Diesel oil but dissolves less than 1% of oils 
of a density greater than Diesel oil. CO, apparently has solvent 
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powers in the gaseous form when its pressure is above the critical 
that are similar to its solvent action when in liquid form. There are 
some reasons to believe that the solubility of oil in carbonated water 
is greater than its solubility in COg gas alone. 

The present invention may be applied to various types of fields 
including those where oil containing strata are present but natural 
production or pressure flow is not exhibited or where once exhibited 
has ceased, or where the pressure are not sufficient to yield sufficient 
quantities for economical recovery under the natural pressures prevail- : 
ing in the strata; the invention may be applied to depleted, exhausted, | 
or abandoned fields; it may desirably be applied to fields which have 
previously been subjected to a fluid drive such as air, or natural gas, 1 
or which have been subjected to water flooding; that is it may be applied f 
in general to any Subterranean oil containing strata or formations which , 
do not lend themselves to economical recovery by the methods of secon- | 
dary recovery ordinarily heretofore practiced. And the methods of the 
present invention may be applied to various types of geological struc- 
tures of the character set forth including consolidated and unconsoli- 
dated sands, limestone formations, etc. The methods may be employed 
in the recovery of oils of any character including paraffinic base, 
nephthenic base, and asphaltic base oils. Although with paraffinic base 
oils a higher overall recovery of the hydrocarbons from the strata may 
be obtained than with asphaltic oil recoveries, the naphthenic base oils 
giving recoveries more closely analogous to the yields obtained with 
paraffinic oils. Thus there is a greater recovery of oils with lighter 
density than those of heavier density, but in all instances the overall 
recoveries by the methods of the present invention far exceed those 
possible with prior art methods. 

As evidence of selective activity of the present process, is the 
fact that the carbon dioxide at the high pressures referred to selectively 
removes Oil rather than connate water from the oil-bearing strata and re 
this selectivity is very much more marked at the high pressures than at 
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the low pressures. The increase in such Selective action is further 
evidenced as the pressure increases within the ranges set forth above. 


16 The methods of the present invention may be practiced in any 


desired manner and in any combination with other steps so long as the 
treatment includes passing carbon dioxide under a pressure of at least 
from 600 to 700 p.s.i. through a subterranean oil or hydrocarbon con- 
taining stratum with recovery of the hydrocarbons from the effluent. 
Thus the carbon dioxide may be used without other additions or other 
treatments, in substantially dry condition and is particularly effective 
when used in this way in secondary recovery processing. It is possible 
that at the high pressures mentioned, carbon dioxide may be very effec- 
tive in reducing the viscosity of the oil in the strata, in support of which 
the following may be noted: | 

(1) The viscosity of liquid COg at 840 p.s. i. is .071 centi- 
poises as compared with a viscosity of 1.0 centipoises for water at 20°C. 

(2) The solubility of COs is unexpectedly higher than the 
solubility in water or brine as shown by the following experimental data: 


Solubility of Carbon Dioxide 
in Brines and Crude Oils 
at Elevated Pressures 


Spec.Grav. Tempera- Pressure, Solubility, Cu. 
Liquid at 21°C. ture, °C Ibs/sq.in. ft.CO,(S. T. P. *) 
— | per Cu. Ft. of 
| liquid 
Distilled Water 22 735 a7. 
a " 22 735 ; 28. 
Sea Water 210 9. 
a 205 | 19. 
759 | 24. 
755 | 24. 
, 795 | 26. 
Brine No. 5 220 : Ts 
" " ‘ 520 | 15. 
% 720 | 19. 4,20. 4 
Brine No. 5-A 210 : 4.2 
hi tt 525 : 
730 ! 1 
730 : 1 
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| Spec.Grav. Tempera- Pressure, Solubility, Cu. 
Liquid at 21°C. ture, °C Ibs. /sq.in. ft. CO2(S. T. P.*) 
per Cu. Ft. of 
liquid 
Rodessa #84544 (Paraf- 
fin base) Crude Oil 0.810 25 205 20.5 
al tt te ‘? 25 505 52 
ee " . 20.5 750 194 
" 8 " i — 23 810 230, 290, 270 
Webster #83031(Mixed Naph- 
thenic base) Crude Oil 0.874 21 220 20.3 
ty ? ? t 21 540 59 
tt tt ? ? 21 755 129 
. £f tt vw? ‘? 20 760 127 
7 rt Al vy Y 21 765 112 
Bartlesville(Mixed Naph- 
thenic-base)C rude Oil 0.838 21 760 216 
Composition of brines, parts per million 
#5 #5-A 
Calcium ! 7261 14522 
Magnesium 1686 3372 
Sodium 32128 64256 
Chlorine | 67320 134640 
Total Solids 108, 395 216, 790 


* Standard Temperature and Pressure 

Particularly there is noted the 10-fold increase in solubility of the 
COg in the Rodessa Crude Oil as compared with the 3-fold increase of 
solubility in the brine as the pressure is increased from 200 p.s.i. to 
800 p.s.i. In comparison with the above data, the solubility of com- 

pressed air in the brine is about 0.60 cu ft/cu ft solvent at 770 
p.s.i. 

(3) Observations made in the course of the solubility tests indi- 
cated that there was a large increase in the volume of the oil during the 
solubility experiments at high pressures for example (750-800 p.s.i.). 
This increase appeared to be in the neighborhood of 20%. 
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Accordingly in connection with the use of carbon dioxide under 
pressure in accordance with the present invention, the action may be 
visualized as a "washing" process, wherein the oil in immediate con- 
tact with the carbon dioxide pressure front becomes saturated with car- 
bon dioxide and tends to swell with a resulting decrease in viscosity. 
The substantially more fluid liquid thus formed, then proceeds to wash 
the sand preceding it as it is forced through the strata. 
If desired, adjuvants may be added to the carbon dioxide for parti- 
cular purposes. Thus, methane or natural gas in small amounts may 
be added, or other gaseous aliphatic hydrocarbons both saturated or 
unsaturated included. | 
The carbon dioxide may be used in solution as for example as 
carbonated water at pressures indicated above, such carbonated water 
being employed as a carbonated water drive which is very effective in 
the recovery of oils from subterranean strata at the high pressures indi- 
cated. For such purposes carbonated water may first be prepared and 
then introduced at the desired pressures into the subterranean stratum. 
Since carbonation of water by carbon dioxide takes place extremely 
19 rapidly, at the high pressures referred to, a stream of water and 
of carbon dioxide at the pressures indicated may be passed intermittently 
or concurrently into the input well whereupon carbonation takes place 
rapidly and the carbonated water will be introduced into the stratum 
undergoing treatment. i 
The fact that carbonated water may be effectively employed to 
produce high recoveries of hydrocarbons such as oil from strata con- 
taining the same, enable the present process to be applied effectively 
to many fields which have been water flooded in prior art secondary 
recovery methods. For such purposes the carbon dioxide under the 
pressures indicated may be introduced directly into the water flooded 
filed producing carbonation of the water in situ and driving the carbonated 
water into the formations to produce effective recoveries of hydrocarbons 
therefrom. | 
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Where carbonated water is employed, it may be used as the only 

drive, or it may be used in conjunction with other fluid drives as for 
example and particularly with carbon dioxide drives at the pressures 
of the order indicated. The carbonated water may be forced into the 
stratum first followed by introduction of the carbon dioxide per se 
under the pressures indicated or the dry carbon dioxide may first be 
introduced into the subterranean strata followed by the carbonated 
water. Where carbonated water at the pressures indicated is utilized 
for introduction into the subterranean strata, after the carbonated water 
has been introduced, an air or methane or other fluid drive may be em- 
ployed. Where a combination of treatment with dry carbon dioxide 

20 followed by a liquid drive is employed, the oil-bearing horizons 


may first be conditioned with carbon dioxide at pressures of the order 








4 
. 
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indicated followed by a water drive in which the water contains no car- 
bon dioxide or in which some carbon dioxide is dissolved. 

Another procedure which may be employed is the introduction of 
carhon dioxide with intermittently varying high and low pressure action 
where at some stages of such treatment carbon dioxide at high pressures 
of the order indicated above is employed. Increased recoveries may be 
obtained by the utilization of intermittent high and low pressure action 
of carbon dioxide is indicated possibly due to expension of the gases 
filling the rock cavities thus driving out oil along with connate water or 
other water which may have been introduced. 

. Another procedure is to subject the oil well to an initial CO9 

drive at pressures below 500 p.s.i. and then follow this with a water 
drive at substantially higher pressures. It is therefore possible, by 
subjecting the strata to this intermittent water and COg drive, to use a 
relatively low pressure COg drive and a high pressure water drive. In e 
this way, an effective pressure of COg above 600 p.s.i. may be obtained 


as a result of the high pressure water drive. 
The time element, namely the length of time that the treatment is 
carried out in utilizing carbon dioxide under high pressures in accordance 
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with the present invention involves a number of considerations. The 

21 treatment should be carried out for a sufficient length of time 
to produce a hydrocarbon or oil recovery from the effluent that is 
economically justifiable. The actual time involved will necessarily 
depend on a number of factors including the nature of the strata or 
formation, the character of the oil therein contained, the pressures 
employed, the form in which the carbon dioxide is employed namely 
whether as a gas, or in solution as in highly carbonated water, etc. 
It is therefore difficult to specify individual time treatments except 
in a comparative way. It is however important to note that with carbon 
dioxide under high pressures as taught herein, the bulk of the oil or 
hydrocarbon in the strata may be removed in periods of time that are 
much shorter than with any of the other fluids, and for a given recovery 
by the use of carbon dioxide under high pressures, most of the hydro- 
carbons or oil recovered are obtainable in the first fraction of time of 
treatment. Thus under a given Set of conditions where oil was removed 
from sands of relatively high porosity by the use of carbon dioxide under 
high pressure, it was found that nearly the same amount of the oil was 
removed from the sands in one-fourth of the time as was obtained in the 
full period of treatment, that even in one-sixth of the time a large 
fraction of the removals oil was obtained, and in periods as short as 
one-twelfth of the full period of treatment, significant amounts of the 
recoverable oil were also obtained. 

The utilization of carbon dioxide under high pressure as taught 
herein for the recovery of hydrocarbons and oils from subterranean 
strata may be employed as set forth above without any initial treat- 
ment or pretreatment of the formation or strata from which the oil or 
hydrocarbons are to be recovered. However if desired, the formation 
may be subjected to various types of treatments before utilizing the 
carbon dioxide methods of the present invention. For example the for- 
mation may be treated to make it more permeable to oil and less per- 


meable to water; acidizing treatments may be utilized, etc. These 


| 
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various treatments as stated may be employed prior to the carbon 
dioxide employed in accordance with the present invention. Insofar 
as acidizing is utilized, it is not essential since the carbon dioxide 
employed in accordance with the present invention, particularly in 
the presence of water, itself acts as an acid to produce acidizing of 
the formation. 
| The system employed for utilizing the carbon dioxide treat- 
ments at high pressure set forth herein may in general make use of 
the equipment which has heretofore been employed in the use of 
various types of fluid drives, modified however where necessary to 
provide the high pressure operations required in accordance with the 
present invention. To exemplify systems that may be employed in 
carrying out the present invention and referring to the drawing. Figure 
1 is a diagrammatic representation of a system employed in secondary 
recovery utilizing an input well into which the treating agents are intro- 
23 | duced and passed into the strata to be recovered through the out- 
put well. As indicated, carbon dioxide entering from any desired 
source through inlet pipe 1 passes through compressor 2 where its 
pressure is raised to the order of pressures set forth above for use 
in the present invention, passing from the compressor through pipe 3 
by way of head 4 into input well 5 which conducts the carbon dioxide 
under the desired pressure into the subterranean oil strata or for- 
mations 6. The high pressure carbon dioxide passes through such oil 
structure 6 driving out and/or carrying with it oil and other hydro- 
carbons removed from such oil structure which effluent enters the 
outlet well 6A and is removed therefrom through heat 7 by valved 
pipe 8 into separator 9 where separation is made between the liquids 
and gases, liquids being withdrawn through valved outlet 10 and gases 
being removed through valved outlet 11; the liquid products may then 
be worked up as desired. As those skilled in the art will readily under- 
stand. Gaseous hydrocarbons in the effluent gases removed through 
the valved outlet 11 may be recovered from such gases by appropriate 
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treatment and the carbon dioxide recycled. Unless removed therefrom, 
such recycled gases when employed may carry gaseous hydrocarbons 
such as methane obtained from the oil structure and may be utilized 
to enhance the action of the carbon dioxide without additions from ex- 
ternal sources. The operation of the system has been described where 
carbon dioxide alone is employed. | 
Where it is sought to modify the action of the carbon dioxide by 
addition of other agents these may either be introduced with the carbon 
dioxide through the inlet 1, or such adjuvants or other treating agents 
may enter through valved inlet pipe 12 into pump 13 and injected through 
valved inlet pipe 14 at the desired pressures into the head 4 where such 
injected adjuvant or additional treating agents mix with the carbon dio- 
xide under pressure entering the head 4 through the pipe 3. Where 
water is employed together with the carbon dioxide it may be introduced 
in this way through the pipe 12, pump 13 and pipe 14.. Or carbonated 
water may be introduced in this way. Or any adjuvant gases such as 
methane may be introduced in this way. Water when introduced Simul- 
taneously with the carbon dioxide will undergo carbonation quite rapidly 
in view of the high pressures prevailing in the conc urrent movement of 
water and carbon dioxide down through the input well 5 so that the water 
as it arrives in the oil structure 6 or in part during its passage through 
the oil structure is subjected to carbonation. Instead of concurrent feed- 
ing of adjuvants together with the carbon dioxide, intermittent operation 
may be carried out, the carbon dioxide being introduced intermittently 
to the introduction of other added agents such as water, carbonated 
water, methane, etc. : 
In Figure 2, a diagrammatic vertical section is shown of an al- 
ternative input well that may be employed in secondary oil recovery for 
25 example, in lieu of the input well of Figure 1. In this case, input 
well 15 is provided with separate induction pipes 16 for the carbon dio- 
xide under high pressure and 17 for adjuvant liquids, | such as water, or 
for the use of carbonated water, or for other gases. ‘Where no casing- 
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head is employed in the well, a packer 18 may be utilized near the 
bottom of the well. An input well of the type shown in Figure 2 may 
be employed in lieu of that shown in Figure 1 for the input well there 
illustrated, the system otherwise being like that described above in 
connection with Figure 1. In this case, it will be noted that it is 
possible to use a carbon dioxide drive under high pressure to force 
any liquid previously introduced through pipe 17, into the oil structure 
formation 6 or a liquid drive may be utilized subsequent to a treatment 
with carbon dioxide under high pressures introduced through the pipe 
16. Any variation in procedures may readily be employed in this system 
similar to that in connection with Figure 1. In the use of systems of the 
character shown in Figures 1 and 2 for secondary recovery, the number 
of output wells per input well will be determined in accordance with the 
usual practice in the art and may of course vary depending on the parti- 
cular conditions. 

The methods embodying the present invention may be employed 
to carry out treatments in a single well which serves both for input and 
output purposes, as illustrated in Figure 3. In this case well 19 pro- 
vided with casing-head 20 is supplied with valved inlet pipe 21 which 
may be employed for the carbon dioxide under pressure and valved 
inlet pipe 22 for any adjuvant, these pipes being shown as concentric 
and extending down to the oil formation 6. The carbon dioxide under 


pressure and any other adjuvants or liquids to be employed concurrently 


or intermittently or otherwise with the carbon dioxide under pressure as 
introduced in the same manner sas described above for the systems of 
Figures 1 and 2. The injected fluids will permeate into the oil for- 
mation 6. After treatment for the desired length of time, the intro- 
duction of carbon dioxide and other materials in discontinued, and 
effluents then taken off from the well 19 utilizing the same pipes 21 or 
22 for withdrawal or several removal pipes may be employed. Similar 
arrangements may be employed in systems where the carbon dioxide is 
introduced at the top of the well, and recovered oil withdrawn from the 
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bottom, such practice being indicated in certain oil horizons. 

As set forth above, the minimum reactive pressures utilized 
under the conditions there set forth, are of the order of at least 600 
p.s.i. However it is possible to utilize the carbon dioxide under 
pressures of less than 600 p.s.i. as, for example, where the minimum 
reactive pressure is around 300 to 400 ps.i. by the utilization of cer- 
tain adjuvants with the carbon dioxide, which adjuvants, by catalytic or 
other action, enable the carbon dioxide in the presence of such adju- 
vant at pressures of at least 300 to 400 p.s.i. to accomplish oil re- 

27 coveries comparable with those obtained by carbon dioxide at 
pressures of at least 600 p.s.i. in the absence of such adjuvants. 
The present invention includes such operations. : 

28 The following data illustrate results obtainable with the present 
invention. In the treatment of an unconsolidated sand having a porosity 
of about 34% and being at about 53.8% saturation with a paraffin base oil 
(Rodessa crude oil) at low pressures (20 p.s.i.), carbon dioxide does 
not show any superiority over methane and nitrogen in the recovery of 
oil from the sand, but beginning at about 125 p.s.i., the carbon dioxide 
shows a superior recovery. At 600-650 p.s.i. the carbon dioxide re- 
covery increases sharply, reaching a maximum at about 950-1000 p.s.i., 
at which maximum the carbon dioxide recovery is from about 85-90% 
whereas for methane it is about 62%, and for nitrogen it is about 51%. 

Where the length of treatment was for shorter time intervals, i.e., 
one fourth of the period used above, the superiority of carbon dioxide 


was even more marked; thus on the same unconsolidated sand as that 


set forth above the percent of oil, by weight, recovered was: 


Pressure Cog- No Ch4_ ! Air 
500 p.s.i. 51.5 32.6 38.7 37.8 
600 p.s.i. 59.8 32.8 46.7 39.2 
700 p.s.i. 73.5 28.3 38.3 30.1 
810p.s.i. 74.1 17.1 40.5 23.4 


In runs of one-sixth the initial period, the recoveries were; 
| 
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p.s.i. % oil removed 
Gas pressure by weight 


COp 500 50.0 
815 70.4 


500 31.6 
800 36.9 


No 500 32.0 
810 26.5 
In runs of one-twelfth the initial period, the recoveries were: 


p.s.i. % oil removed 
Gas pressure by weight 


COg 500 49.5 
825 67.6 


CH, 500 29.5 
800 16.2 


No 500 22.9 
825 20.6 


In comparative runs, on an unconsolidated sandcarrying a mixed 


naphthenic base oil (Webster Crude Oil), the conditions otherwise being 
the same as set forth above, the recoveries were: 


p.s.i. % oil removed 
Gas pressure by weight 


CO 500 39.2 
820 58.7 


No 500 9.8 
820 20.1 


The superiority of carbon dioxide is emphasized by first treating 
the sands with methane or nitrogen, and then following the treatment 
using carbon dioxide. For example, a treatment with methane in three 

30 consecutive runs gave a total oil recovery of 16.6%, which sands 
then treated with carbon dioxide at an equivalent pressure gave an oil 
recovery of 27.6% in a single run and at increase pressures gave an 
addition recovery of 27. 6%. 
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Similarly for nitrogen, three consecutive runs yielded a total of 
only 19.8% despite an increase in pressure to 1700 pounds. With 
carbon dioxide at 875 p.s.i. on the residual sand, the oil recovery was 
44.6% by weight. 

Comparative results on sands of low porosity carrying paraffinic 
base oils which sands were crushed prior to the treatment, are the 
following: ! 


p.s.i. % of oil removed 
Gas pressure by weight 


CO» 500 
825 


CH, 500 
825 


Air 500 
825 
1000 


Comparative results with respect to carbon dioxide, carbonated 
water, and water (uncarbonated), under identical conditions, give much 
higher recoveries of oil for carbon dioxide and carbonated water, than 
is obtained by water (uncarbonated) . : 

31 Having thus set forth our invention, we claim: 

1. A method of treating a subterranean hydrocarbon-bearing 
formation which comprises passing carbon dioxide into the formation 
at a pressure of at least 600 p.s.i. to produce an effluent containing 
hydrocarbon and recovering hydrocarbons from the effluent. 

2. The method of claim 1 in which the treatment is carried out 
in the presence of water. | 


3. The method of claim 1 in which the treatment is carried out 
in the presence of carbonated water. | 


4. The method of claim 1 in which the carbon dioxide is gaseous. 

9. The method of claim 1 in which the carbon dioxide is in the 
form of carbonated water. : 

6. A method of treating a subterranean hydrocarbon-bearing 
formation penetrated by a well which comprises introducing carbon 
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dioxide through the well into the formation at a pressure of at least 
600 p.s.i. 

7. A method of recovering hydrocarbons from a hydrocarbon- 
bearing formation penetrated by an input well and an output well com- 
municating through the formation with the input well, which comprises 
introducing carbon dioxide through the input well into the formation at 
a pressure of at least 600 p.s.i., to produce an effluent containing 
hydrocarbons, withdrawing the effluent through the output well, and 
recovering hydrocarbons from said effluent. 

8. A process for recovering oil from subterranean oil-bearing 
strata which comprises establishing and maintaining an input well down 

which carbon dioxide is forced into the strata under a pressure 
of at least 600 p.s.i., establishing and maintaining an oil output well 
spaced from the input well and in communication therewith through the 
strata and from which oil and carbon dioxide are withdrawn. 

9. The method of claim 1 in which the formation treated has been 
water flooded prior to the introduction of the carbon dioxide. 

10. The method of claim 1 in which the formation treated has been 
water invaded prior to the introduction of the carbon dioxide. 

11. The method as set forth in any of the preceding claims in 
which the treatment with carbon dioxide is preceded or followed by a 
non-carbon dioxide fluid drive. 

12. The method as set forth in any of the preceding claims in 
which the treatment with carbon dioxide is preceded or followed by a 
nitrogen drive. 

13. The method as set forth in any of the preceding claims in 
which the treatment with carbon dioxide is preceded or followed by an air 
drive. 

14. The method as set forth in any of the preceding claims in 
which the treatment is preceded or followed by a water drive. 

15. A method of treating a subterranean hydrocarbon-bearing 
formation carrying solids amenable to treatment with carbon dioxide, 





oe ee 
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which solids interfere with recovery of hydrocarbons from said for- 
mation, said method comprising treating said formation to open up 

33 said solids in said formation and passing carbon dioxide into 
the formation at a pressure of at least 600 p.s.i. to produce an 
effluent containing hydrocarbon and recovering hydrocarbons from 
the effluent. | 

16. The method as set forth in claim 15 in which the initial 
treatment of the formation is with carbon dioxide. 

17. The method as set forth in claim 16 in which the treatment 
of the formation to open up said deposits and the production of effluent 
is carried out successively. . 

18. The method as set forth in claim 16 in which the treatment 
of the formation to open up said deposits and the production of effluent 
is carried out simultaneously. | 

19. The method as set forth in claim 15 in which the initial 
treatment is carried out with carbon dioxide at super atmospheric 
pressure below 600 p.s.i. | 

20. The method as set forth in claim 19 in which the treatment 
of the formation to open up said deposits and the production of effluent 
is carried out successively. i 

21. The method as set forth in claim 19 in which the treatment 
of the formation to open up said deposits and the production of effluent 
is carried out Simultaneously. 


22. A method of treating a subterranean hydrocarbon-bearing 


J formation carrying solids amenable to treatment with carbon dioxide 
which solids interfere with the recovery of hydrocarbons from said 
formation, said method comprising passing carbon dioxide into the 

rN | formation at super atmospheric pressure until said solid deposits 


susceptible to carbon dioxide action are opened up sufficiently to per- 
mit effective action on the oil therein and continuing to pass in carbon 
34 dioxide into the formation but at a pressure of at least 600 p.s.i. 
to produce an effluent containing hydrocarbon and recovering hydrocarbons 


from the effluent. 
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23. The method as set forth in any of claims 15 to 22 in which the 
initial treatment of the formation with carbon dioxide is carried out by 
utilizing an aqueous solution of carbon dioxide. 

24. The method as Set forth in any of claims 15 to 22 in which 
the initial treatment of the formation and the treatment to produce 
effluent are both carried out by utilizing an aqueous solution of 
carbon dioxide. 

25. The method as set forth in any of claims 15-24 in which the 
deposits are alkaline earth compounds. 

| 26. The method as set forth in claim 25 in which the compounds 
are carbonates. 

27. The method as set forth in claim 25 in which the compounds 
are Silicates. 

28. The method as set forth in any of claims 15-24 in which the 
deposits are iron compounds. 

| 29. The method as set forth in claim 28 in which the deposits 
are iron carbonates. 

30. The method as set forth in any of claims 15-24 in which the 
deposits are bacterial growths. 

31. The method of any of the preceding claims in which the treat- 
ment is carried out in the presence of a substance which lowers the vis- 
cosity of the hydrocarbons. 

32. The method of any of the preceding claims in which the treat- — 
ment is carried out in the presence of methane. 

35 33. The ne thod as set forth in any of the preceding claims in 
which the pressure used is from 800 t 950 p.s.i. 

34. The method as set forth in any of the preceding claims in 
which the carbon dioxide is maintained under a pressure of at least 
600 p.s.i. throughout the area of the formation affected by the said 
carbon dioxide. 





35. The method as set forth in any of the preceding claims in 
which the carbon dioxide is introduced in stages of different pressures, 
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the pressure in at least one stage, being not less than 600 p.s.i. 

36. The method as set forth in any of the preceding claims in 
which the treatment of the formation with carbon dioxide under pressure 
of at least 600 p.s.i. is carried out for a period of time substantially 
less than that required with a drive using a prior art secondary re- 
covery agent other than carbon dioxide at a pressure of at least 600 
p.sS.i., and hydrocarbons are recovered from the effluent in amount 
substantially greater than that obtainable in such prior art practice. 

37. Methods and products as herein set forth. : 


/s/ James W. Martin 
/s/ Frederick A. Hessel 
/s/ John B, Rust 

/s/ Irving P. Hammer 


OATH 
State of New York =: : 


County of New York * ** 


James W. Martin, one of the above named Petitioners, being 
duly sworn, deposes and says that he is a citizen of the United States, 
and a resident of Tuckahoe, County of Westchester, State of New York; 
that he verily believes himself and Irving P. Hammer, Frederick A. 
Hessel and John B. Rust to be the original, first and joint inventors of 
the improvements in | 

RECOVERY OF HYDROCARBONS 
described and claimed in the annexed specification; that he does not 
know and does not believe that the same was ever known or used be- 
fore their invention or discovery thereof, or patented or described in 
any printed publication in any country, before their invention or dis- 
covery thereof, or more than one year prior to this application, or in 
public use or on sale in the United States for more than one year prior 
to this application; that said invention has not been patented in any 
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country foreign to the United States on an application filed by them or 
their legal representatives or assigns more than twelve months prior 
to this application; and that no application for patent on said improve- 
ments has been filed by them or their legal representatives or assigns 
in any country foreign to the United States. 

/s/ James W. Martin 

[JURAT ] 


37 
State of New Jersey 
County of Essex 


Frederick A. Hessel, one of the above named petitioners being 
duly sworn, deposes and says that he is a citizen of the United States, 
and a resident of Upper Montclair, County of Essex, state of New 


Jersey; that he verily believes himself and James W. Martin, Irving 


P. Hammer and John B. Rust to be the original, first and joint inven- 
tors of the improvements in 

RECOVERY OF HYDROCARBONS 
described and claimed in the annexed specifications; that he does not 
know and does not believe that the same was ever known or used before 
their invention or discovery thereof, or patented or described in any 
printed publication in any country before their invention or discovery 
thereof, or more than one year prior to this application, or in public 
use or on Sale in the United States for more than one year prior to this 
application; that said invention has not been patented in any country 
foreign to the United States on an application filed by them or their 
legal representatives or assigns more than twelve months prior to 
this application; and that no application for patent on said impro ve- 
ments has been filed by them or their legal representatives or assigns 
more than twelve months prior to this application; and that no appli- 
cation for patent on said improvements has been filed by them or their 
legal representatives or assigns in any country foreign to the United States. 
[JURAT ] /s/ Frederick A. Hessel 
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State of New Jersey 
SS: 
County of Essex 
John B. Rust, one of the above named Petitioners being duly 


sworn, deposes and says that he is a citizen of the United States, and 


a resident of East Hanover, County of Morris, State of New Jersey; 
that he verily believes himself and James W. Martin, Frederick A. 
Hessel and Irving P. Hammer to be the original, first and joint 


inventors of the improvements in 
RECOVERY OF HYDROCARBONS : 
described and claimed in the annexed specification; that he does not 
know and does not believe that the same was ever known or used 
before their invention or discovery thereof, or patented or described 
in any printed publication in any country before their invention or 
discovery thereof, or more than one year prior to this application, 
or in public use or on sale in the United States for more than one year 
prior to this application; that said invention has not been patented in 
any country foreign to the United States on an application filed by them 
or their legal representatives or assigns more than twelve months 
prior to this application; and that no application for patent on said 
improvements has been filed by them or their legal representatives or 
assigns in any country foreign to the United States. | 
| 
/s/ John B. Rust 
[ JURAT ] | 


State of New Jersey 
SS: 
County of Essex 


Irving P. Hammer, one of the above named Petitioners, being 
duly sworn, deposes and says that he is a citizen of the United States, 
and a resident of Belleville, County of Essex, State of New Jersey; 
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that he verily believes himself and James W. Martin, Frederick A. 
Hessel and John B. Rust, to be the original first and joint inventors of 
the improvements in 

RECOVERY OF HYDROCARBONS 
described and claimed in the annexed specification; that he does not 
know and does not believe that the same was ever known or used 
before their invention or discovery thereof, or patented or described 
in any printed publication in any country before their invention or 
discovery thereof, or more than one year prior to this application, or 
in public use or on sale in the United States for more than one year 
prior to this application; that said invention has not been patented in 
any country foreign to the United States on an application filed by them 
or their legal representatives or assigns more than twelve months 
prior to this application; and that no application for patent on said 
improvements has been filed by them or their legal representatives 
or assigns in any country foreign to the United States. 


/s/ Irving P. Hammer 
[JURAT] 
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42 EXHIBIT NO. 3 
: | DEPARTMENT OF COMMERCE | 
United States Patent Office MJB/nq 
Washington | 


Paper No. 4 
[ U.S. Patent Office 


° Mailed 
June 13, 1950] 


Please find below a communication from the EXAMINER | 
in charge of this application. 





John A. Marzall 3 
Commissioner of Patents. 


Sol Shappirio 
Washington Loan & Trust Bldg. : 
Washington 4, D. C. Division: 49 


Applicant: James W. Martin et al 
Ser. No. 102,306 


Filed June 30, 1949 
original bound volume For RECOVERY OF 


HYDROCARBONS 
This application has been examined. : 
References made of record: i 

Small 1,843 ,002 Jan. 26, 1932 166-13 


, Russell (I) 1,511,067 Oct. 7, 1924 166-1 F 
Minor 656 , 466 Aug. 21, 1900 166-21 
Russell (II) 1,658,305 Feb. 7, 1928 166-21 xr 


The drawing is objected to by the draftsman because the name 
. of the second inventor and the signature of the attorney are missing. 
Upon applicants’ instructions the drawing will be returned for 
correction; however, their attorney may appear in the Office for 
purposes of adding his signature, if he so desires. , 
In the specification, page 6, line 1, the first six words should 
be deleted since they are recited at the end of the preceding page; 
page 15, line 16, the word "than" is misspelled; page 23, lines 9, 10 
" and 12, the numerals ''6" should read as --S--, and the expression 
"6A" is represented as --6-- on the drawings; and page 23, line 13, 
"heat" should be changed to --head--. 


Claims 1 to 36 are rejected as being a aceon over the combined 
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disclosures of the two patents to Russell. The patentee discloses a 
method of treating a well wherein he discharges carbon dioxide in 


gaseous form or dissolved in water into a well at a pressure sufficient 


to overcome the formation rock pressure. Such a pressure could be 
above 600 or 950 pounds per square inch, since Russell says his 
methods may be practiced on wells at any stage after the initial 
drilling. It is very common for wells to have rock pressures above 
950 pounds per square inch, and Russell's gas or liquid would necessarily 
have to be above sucha pressure. The patentee also discloses that 
his pressure must be great enough to treat the entire length, breadth, 
and depth of the formation. Another purpose of Russell's pressure 
is to reproduce his original rock pressure, and such a pressure could 
very well be above 600 pounds per square inch. In any event, 
applicants’ pressure is only the result of obvious experimentation and 
involves no acts of patentable moment. Applicants’ reference to the 
use of their process combined with a well water drive or flooding 
process is fully covered by Russell who says his process is usable with 
water drive or flooding in a plurality of wells or in a single well. Also, 
it should be noted that Russell uses his water pressure and gas pressure 
either simultaneously or successively. Furthermore, applicants’ initial 
treatment with carbon dioxide at a pressure below 600 pounds per 
Square inch would be a matter of choice or experimentation to anyone 
skilled in the art and not invention. Actually the treatment in 
claims 19, 20, 21 and 35 might result in an overall pressure of less 
than 600 pounds per square inch which applicants say is critical. The 
particular formation conditions recited in claims 25 to 32 are met by 
Russell’s wells since he says he can treat any well by his method. 
In addition, patentability cannot be based on formation conditions, 
‘since such conditions are not cause by any manipulative step of 
applicants’ process. In claims 11 to 14 the particular types of drives 
‘selected by applicants are obvious equivalents of Russell's water drive. 
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Claims 11 to 14 and 23 to 36 are further rejected as being 
improper dependent claims. Applicants may not have claims 
dependent on more than one preceding claim, since such claims must 
be in immediate consecutive order, Ex parte Hill, 1924 C.D. 21, and 
the provisions of R.S. 4888 must be met by particularly pointing out 
and distinctly claiming the invention. : 

Claim 15 is still further rejected as being an improper method 
claim. The first step of applicants’ process is improperly expressed 
in terms of results rather than in terms of actual manipulative steps. 
In re West, 77 USPQ 98; In re Caunt, 1936 C.D. 205. 

Claim 36 is still further rejected as being functional and 
indefinite. Applicants have attempted to claim their process in 
terms that compare the prior art, and such a claim is functional and 
indefinite and should only include applicants' manipulative steps and 
not what others have done. ! 

Claim 37 is rejected as failing to "particularly point out and 
distinctly claim" the invention as required in R.S. Sec. 4888. 

Claims 1 to 37 are rejected. : 

No claim is allowed. 


WJB /s/ E. L, Sheffield — 
Examiner | 


[ Mail Division 
December 13, 1950 
U.S. Patent Office ] 


IN THE UNITED STATES PATENT OFFICE 
In re application of 
James W. Martin et al; for 
Recovery of Hydrocarbons; 
Filed June 30, 1949 | 
Serial No. 102,306. Division 49 : 
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Commissioner of Patents, 
Sir: 

In response to office letter dated June 13, 1950 please amend as 
follows: 

Page 6, line 1, cancel the first seven words. 

Page 15 line 16, correct "than". 

Page 23 lines 9, 10, and 12, change "6" to --S-- 

Page 23 line 12, change "6A" to -- 6 -- 

Page 23 line 13, change "heat" to -- head -- 

Claims 11-14 lines 1-2, cancel "as set * * claims" and 
substitute -- claim 1 -- 

Claims 11-13 lines 2-3 and claim 14 line 2, cancel "or followed" 

Claim 15 line 4 after "formation" insert -- with an agent -- 

Claims 23 and 24 lines 1-2 change "any of claims 15 to 22" to 
-- claim 15 -- 

Claims 25, 28 and 30 change "any of claims 15-24" to -- claim 
15 -- 

Claims 31 and 32 line 1, and claims 33 to 36 lines 1-2, change 
“any of the preceding claims" to -- claim 1 -- 

Claim 36 line 5 cancel "prior art" 

Claim 36 line 8 cancel "in such prior art practice" and substitute 
-- with the agent other than carbon dioxide. -- 

Cancel claim 37 and substitute 

38. The method of claim 1 in which the treatment with carbon 
dioxide is followed by a non-carbon dioxide fluid drive. 

39. The method of claim 1 in which the treatment with carbon 
dioxide is followed by a nitrogen drive. 

40. The method of claim 1 in which the treatment with carbon 
dioxide is followed by an air drive. 

41. The method of claim 1 in which the treatment is followed 


by a water drive. 
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REMARKS | 

Reconsideration is requested although it is believed all 
informalities have been eliminated. The drawing signatures have 
been corrected, as well as the specification to which the Examiner 
kindly called attention. ) 

Rejection on the patent to Russel whether alone or in combination 
is untenable. Russell 1,511,067 uses air as a gas to be introduced 
into the lower part of a formation 10 at a pressure sufficient to 
overcome the water pressure ''whatever that may be in any given 

situation". Separately from the air, and substantially above the 
point of air entry, water is introduced which will be diverted by cup 
14 into the upper part of the formation 10. In some way they are to 
meet within the formation to form bubbles. Why the air either entirely 
or to a large extent should not pass up pipe 5 is not apparent. But it 
is immaterial. Air is particularly suggested but CO, is passingly 
referred to. No pressures are given. It may be quite nominal and 
certainly nothing even approaching the critical pressure discovered by 
applicants, is remocely suggested in the patent. Nor will air function 
in lieu of carbon dioxide in applicant's process and they are not 
equivalents as emphasized below. (page 4 specification lines 18-22). 

The criticality of carbon dioxide and the pressure of at least 
600 p.s.i. is repeatedly pointed out and emphasized by applicants. 

At page 7 lines 23-28 it is pointed out that the removal of oil from 
oil-sands is greatly accelerated at a pressure of CO, of above about 

600 p.s.i. In the exemplary data given on page 28 of the specification, 
at 600-650 p.s.i., the carbon dioxide recovery rises remarkably and 

in addition the action of CO, 3 
and unexpectedly greater than that for other fluids (No; CH,, air). 
Further, the data at the bottom of page 29 and the top of page 30 
shows that the action of CO, is of an entirely different order from 


above the critical pressure is markedly 


that of other gases, particularly if one uses shorter periods of 
treatment. The following data therein also supports the criticality of 
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CO, and pressures above about 600 p.s.i. Russell obviously is 
impertinent. 

The same considerations apply to Russell 1,658,305. Nothing 
approaching the critical minimum pressures claimed here are 
remotely suggested by Russell. Nor did the art ever learn them from 
Russell. Both Russell patents suggest using air or CO, "or any other 
gas". But that very suggestion undoes Russell as a reference because 
it is only at relatively low pressures that CO, and air or other gases 
are equivalent in their action (specification page 28 lines 5-7). But 
at such lower pressures the action is not critical for any of them, and 
applicant's results are not obtainable even with CO, below the critical 
pressure limit. Since Russell gets the same results with all of them, 
obviously he must have worked at pressures far below those required 
in applicants claims. At a minimum of above about 600 p.s.i. the 
results obtained with CO 
as air, etc. 


9 are not remotely approached by such gases 

Pressures above 600 p.s.i. can not be read into either Russell 
patent therefore, first, because he does not disclose it, and second 
because such minimum pressures are critical to recoveries of 
unexpected and phenomenal character. 

The Examiner's assumption that because rock pressures may in 
some cases be above 950 p.s.i., even if accepted, is immaterial 
because in many instances rock pressures are well below 600 p.s.i., 
and there is utterly nothing in Russell to suggest he worked above 
600 p.s.i., or that his process would work at such pressures. In 
order that the matter may be further considered if the rejection is 
repeated, the Examiner is respectfully requested to give the basis and 

authority for the rock pressures above 600 p.s.i. and the 
conditions prevailing in such localities, and the applicability of 
Russell's teachings to such localities and conditions. 

We do not understand the Examiner's contention that applicants’ 
pressures are the result of obvious experimentation. What was there 






50 





EXHIBIT NO. 3 
115 | 
in the art to suggest that CO, must be used, and that above about 600 
p.s.i. there was an unexpectedly rapid increase in oil recovery, 










making that a critical lower limit? The answer is nothing. 
Criticality is never obvious, particularly from non-critical practice. 
Hindsight can not be used to defeat an invention which gives yields 
highly unexpected and unpredictable. : 

It is not a question of whether an initial treatment below 600 
p.s.i. is within the skill of the art because every claim of record 
requires the use of pressures of at least about 600 p. s.i. We do not 
understand how the methods of claims 19, 20, 21, and 35 may be 
carried out at an overall pressure of less than 600 p. S.i.since claims 
19-21 refer back to claims 15 and claim 35 refers back to claim 1, and 






all require at least one stage of treatment above about 600 p.s.i. 





Explanation is requested. 





So to, explanation is requested with respect to the objection 






| 
particularly directed at claims 25 to 32. These claims all require 





a step at pressures of a critical minimum not shown in Russell. The 






effects of CO. on carbonates, silicates, iron compounds, and bacterial 





growths, etc., at those minimum critical pressures is wholly 





unknown from Russell. Nor do we understand why in method claims, 





applicants may not use their processes (and so claim them ) in the 





effective treatment of specified formations. Of course applicants did 





not create the formations, but they invented a method of treating them. 





If we understand the Examiner's position then one could not get a claim 





for converting cellulose into an ester by a particular method because 





he did not invent cellulose. But obviously such patents are granted. 







The dependency of the claims has been changed so that no claim 





depends from more than one preceding claim, and this ground of 






rejection has been eliminated. Where a claim depends from a claim 






which latter is itself dependent, the claims are in immediate successive 





order. 
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Claim 15 is believed not to have been an improper method claim. 
Where a claim is to a combination, it is immaterial whether the 
elements of the combination are set forth structurally or functionally. 
That has long been the law. The West case is not in point because in 
that case, the phrase relied on for patentability was not a step at all 
but like a "whereas" clause while the claim contained nothing 
different from that shown inthe art. The same was true in the Count 
case in which the claim contained nothing different from the prior art. 
That is not true in applicants’ case. However the amendment 
eliminates the objection in any event since the treating agent is now 
included. 

Claim 36 has also been amended to avoid the rejection stated, but 
without prejudice. It is not unusual to use prior art as a standard of 
comparison. The manipulative steps are present in the claim. 
However reference to the prior art has been canceled as unnecessary. 
The standard of comparison is now referred to in the claim which as 
amended is wholly self-contained. 

Claim 37 is now removed and new claims 38-41 inserted in view 
of the amendment of claims 11 to 14, the new claims requiring the 
stated drives following the critical at least about 600 p.s.i. CO, 
treatment whereas in claims 11 to 14 the order is reversed. The new 
claims are patentable for the same reasons as those discussed above. 

The Small and Minor patents are understood not to be specifically 
relied on for rejection but are impertinent for the same reasons as 
pointed out above as to Russell. Minor gives no pressures what- 
soever in his process. But since the gas under pressure enters 
through K, it is difficult to see ‘why the water would not be blown up 
through pipe D until the gas has a clear passage through it whereupon 
there would be little if any carbonation. Small heats solid CO, to 
vaporize it and clear the strainer (page 1 lines 45-50). Applicants' 
critical pressures are not shown. 

Allowance is asked. Respectfully submitted, 


/s/ Sol Shappirio 
Attorney for Applicant 
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DEPARTMENT OF COMMERCE | 
United States Patent Office : 
Washington | 
[Mailed Feb. 13, 1951] Division: 49-Room 5088 
Applicant: James W. 
Sol Shappirio | Martin et al. 
Washington Loan & Trust Bldg. Ser. No.: 102, 306 
Washington 4, D. C. Filed: June 30, 1949 
For: Recovery of Hydro- 
carbons 


Responsive to amendment filed December 13, 1950. 

Additional reference applied: 

"Petroleum Dictionary for Office, Field and Factory, Fourth Edition, 
Page 230 (1948) 

The proposed amendment to page 23, line 12, ietiaags of 6 to S) 
cannot be entered as "6" does not occur in this line, only "6A" which is 
changed by the amendment to "6". It is assumed that the insertion in 
claim 15, line 4 after "formation* was meant after the second occurrence 
of this word and the amendment has been so entered. 

Applicants’ remarks have been considered. It is still thought that 
applicants’ claims do not patentably distinguish from the patents to 
Russell. Applicants employ carbon dioxide with water or carbonated 
water to treat an oil formation. It is true that Russell describes a 
different function or result than that advanced by applicants, mere 
difference in function or result is not sufficient to patentably distinguish 
the claims from the prior art. See General Electric Co. v. Wabash 
1938 C.D. 813 and In re Crecilious 1937C.D. 112. | 

Attention is directed to the above cited "Petroleum Dictionary" 
defining rock pressure as being equal to the pressure exerted by a 
column of water extending from the producing zone of a well to the sur- 
face. Also, it is clear that on being removed from the oil bearing 

strata to the surface pressure must be exerted to lift the carbon 
dioxide water and oil to the surface. Oil wells of a depth of 2000 feet 
or greater are not uncommon and under the above definition the rock 


pressure would be greater than the critical amount as specified by 
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applicants. It is thought that it would not involve invention to treat a 
formation at a depth of 2000 feet by the process disclosed by Russell. 
Applicants’ claims do not patentably differentiate over such a process. 
As stated above, functional statements as to result desired are not 
sufficient to distinguish the claims from this reference. 

It is also thought that the claims are too broad and indefinite in 
that there is no upper limit to the pressure employed and the tempera- 
ture is not specified. Thus it is not clear in most of the claims whether 
the carbon dioxide is employed in a liquified or gaseous state. In order 
to properly define applicants’ invention, these conditions of temperature 
and pressure should be set out in the claims. . 

For the reasons given above, claims 1 to 11, 15 to 36 and 38are 
rejected as failing to patentably distinguish from the Russell patent, 
and as not properly defining applicants’ invention as required by 
Section 4888 R.S. 

Claim 36 is further rejected as being indefinite in the manner of 
defining the length of time the treatment is carried out. The compari- 
son with some other unspecified medium does not definitely set forth 
any particular time. 

In view of the fact that all generic claims have been rejected, 
applicants are required to elect as among: 

(A) Type of fluid drive preceding applicants treatment; which 


may be 


(1) nitrogen 
(2) air 
(3) water and 


(B) type of fluid drive following applicants' treatment which may 


(1) nitrogen 
(2) air 
(3) water 
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Applicants are advised that the response, to be complete under 
Rules 111 and 146 must include, in addition to a response to the re- 
jections herein, an identification of the disclosed species that is elected, 
consonant with the requirement of election, and a listing of all claims 





restricted and generic thereto. An argument that all the claims are 
generic or have been amended to be generic, unless accompanied by an 
election, is non-responsive. : 

Upon the allowance of a generic claim, applicant Will be entitled 
to consideration of claims to disclosed species up to five, provided all 
the claims to each species other than the one elected are written in 
dependent form or otherwise include all the limitations of an allowed 
generic claim, as provided by Rule 141. ! 


/s/ James S. Bailey 
JSB:0j: CED Examiner 


[Mail Division, July 27, 1951] | 
IN THE UNITED STATES PATENT OFFICE 
In re application of 
James W. Martin et al; for 
Recovery of Hydrocarbons : 
Filed June 30, 1949 Division 49 
Serial No. 102, 306. Room 5088 


Commissioner of Patents 
Sir: ! 
In response to office action dated February 13, 1951 and follow- 
ing a conference courteously granted by the Examiner, please amend 
as follows: | 

Page 23 line 12 after "well" the numeral should be -- 6 -- 

Claim 1 line 3, claim 7 line 5, and claim 15 line 6 after "p.s.i.” 
insert -- to increase the solubility of the carbon dioxide in the hydro- 


carbons present and -- 
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Claim 2 line 1 after "treatment" insert -- with carbon dioixide -- 

Cancel claims 3, 6,8, 16-18, 20-22, 25-30, 34 and 36 without 
prejudice 

REMARKS 

Reconsideration is requested following the conference referred to 

above, the claims having been materially reduced in number as requested, 


and without prejudice since there is believed to be no pertinent art 


for reasons set forth below. 


The differentiation over Russell is not a mere matter of function 
but is based on a fundamentally novel result, namely that there is a 
criticality of lower pressure limit above which the recovery curve has 
a sudden upswing that differentiates it markedly from anything below it. 
Thus applicants discovered by extensive and difficult investigation and 
research that there is a critical minimum pressure of about 600/p.s. i. 
(page 4 line 12) above which the oil recovery increases sharply and 
markedly. (page 4 line 17). The results are peculiar to carbon dioxide 
and are not exhibited by other fluids. (page 4 lines 18-22). In that range 
there is an accelerated rate increase of solubility of carbon dioxide in 
oil, (page 8 lines 1-3) exhibiting its effect in oil recovery. The reports 
given in the specification beginning at page 28 are conclusive. 

Thus on page 28 it is pointed out in the first paragraph that at about 
600-650 p.S.i. carbon dioxide gave an unexpected sharply increased re- 
covery which was 23/62 or more than 37% greater than methane; and 
34/51 or more than 66% greater than for nitrogen; all under the same 
conditions. The import of these figures should not be overlooked. A 
37% increase in the hydrocarbon recovery is momentous. 

Even more noteworthy is that the bulk of the recovery with carbon 
dioxide is concentrated in a short time period, so that as shown in the 
table at the bottom of page 28, in the first quarter interval of re- 
covery, carbon dioxide is far superior to other fluids and its action is 
different in kind as shown by the increased rapid recoveries as the 
_ pressure so rises from 600 to 810 p.s.i. whereas for other fluids, the 
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recovery either decreases or does not materially change. 

So that the actual work shows that carbon dioxide is unique in its 
effects i 
(a) distinguishing it patentably from other fluids; : 

(b) pressures beginning at about 600 p.s.i. are critical; and 

(c) carbon dioxide at pressures of at least 600 p.s. i. gives unexpected, 
unpredictable recoveries far beyond anything obtainable in prior art 
teachings. : 

With these findings clearly in mind it will be evident that the 
Russell patents which have been known for more than twenty years have 
no such teaching. There is no suggestion in Russell of criticality of 
agent, pressure, or a combination of them. Russell's two patents dis- 
close the use of a gas charged water applied to an oil sand in such a 
fashion that the gas is released in the oil reservoir as bubbles. The 
advantages claimed are that an oil film adheres to the surface of the 
bubbles and the oil is thus removed from the formation. As Russell 
states in his later patent page 1 lines 35-42: : 

"I make no claim to the action of liquids or gases acting 
independently. My invention is limited to very continued or 
Supplemented action on residual oil and especially on the ability 
of liquid-gas surfaces in the form of bubbles resulting from 
the mixture of such liquid and gases to dislodge, pick up and 
carry residual oil." | 
Russell mentions carbon dioxide in a passing way but does not 

suggest its action as critical in either patent. Nor does he mention 
any pressures whatsoever, nor indicate any criticality for either 
carbon dioxide or any pressure range. Insofar as Russell is concerned 


any fluid at any pressure may be used. That rock pressures may be 
found beyond 600 p.s.i. is beside the point. Russell does not teach that 
(1) carbon dioxide specifically must be used and (2) that it must be used 
at pressures of at least 600 p.s.i. That combination is unique. It gives 
most phenomenal results. And we think it clear that Russell did not teach 
it. | 
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Under these circumstances, any further restriction of the claims 
as to the temperature or pressure should not be required. The tempera- 
ture at which the treatment takes place is the ambient temperature pre- 
vailing at the place of treatment under the conditions of treatment. 
There is no critical upper limit of pressure. The critical limitation is 
on the lower pressure side as the specification teaches. The claims 
therefore are not too broad, nor indefinite, do define as required by 
R.S. 4888, and distinguish patentably from Russell. 

Claim 36 has been canceled without prejudice while a claim may 
properly set up a standard of comparison such subject matter is left for 
later development. 

No election should be required since all claims are patentable as 
pointed out above. Reconsideration of the requirement for election is 
requested but an indication of election is made as follows: From the 

Examiner's groups applicants elect the water species more parti- 
cularly carbonated water. Claims restricted and generic thereto are 
believed to be the following, claims 1, 2, 4, 5, 7, 9, 10, 14, 15, 19, 
23, 24, 31, 32, 33, 35, and 41. 

However it is believed that there are not more than five species 
Since the fluid drive preceding carbon dioxide treatment is not exclusive 
of the fluid drive used following the carbon dioxide treatment; and in 
addition the several drives are not mutually exclusive. The species 
claims are in dependent form. 

As requested at the conference, a number of claims have been 
canceled to reduce their number approximately in half, and thus reduce 
the issues to be considered. And claim 2 has been clarified. 

At the conference the Examiner referred to the Grinsfelder arti- 
cle in "Petroleum Development and Technology” in 1927, page 657. It 
will be seen not to be pertinent since it is concerned with primary re- 
covery in which the gas accidentally contained carbon dioxide, without 


any teaching of criticality as set forth here. 


Allowance is asked. | Respectfully submitted, 
3 /s/ Sol Shappirio 
Attorney for Applicants 
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[Mail Division July 27, 1951] i 
IN THE UNITED STATES PATENT OFFICE 
In re application of 
James W. Martin et al; for 
Recovery of Hydrocarbons | 
Filed June 30, 1949; Division 49 
Serial No. 102, 306. Room 5088 
Affidavit of James W. Martin : 
State of New York : 7 
County of Westchester: | 
James W. Martin, being duly sworn, deposes and Says that he is 





one of the joint inventors named in the above entitled application Serial 
No. 102, 306; that he is a graduate in chemistry from the University of 
Virginia; that he has had wide and extensive experience in industrial, 





investigational, research, and development fields including Assistant 
Chief Chemist at Carney's Point Powder Plant; Assistant Superintendent 
of T. N. T. plant and Superintendent of Phenol Plant of Tennessee 
Copper Company; from 1917 to 1919, Captain, U.S. Army, Liaison 
Officer with British, later with French, in Manufacture of Chemicals 
and Explosives, Member of the Inter-Allied Mission to Inspect Enemy 
Chemical Plants, Chief of Chemicals and Raw Materials Branch of a 
Division in Ordnance Department; Research Engineer on Carbon, Acety- 
lene and Natural Gas Products with Union Carbide & Carbon Corp. ; 
from 1925 to 1929, Chief Engineer with Dry Ice Corp. , later in charge 
of Production and Sales Departments; from 1929 to 1942, con- 
sulting Engineer, including Design and Construction of Carbon Dioxide 
Plants and development of uses for carbon dioxide; during World War II 
with Sanderson & Porter, Engineering Manager of Construction Force 
at Pine Bluff Arsenal, Arkansas (a 60-million dollar chemical plant), 
in charge of design and erection and initial operation of chemical and 
mechanical processes, (which job received Army and Navy "Construc- 


tion E* Award); from 1944 to date, consulting Engineer, specializing in 
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carbon dioxide field; co-author of book entitled "Chemistry in Warfare" 
and author of numerous technical articles on manufacture and use of 
carbon dioxide; inventor of improvements in manufacture of Carbon Black 
and patentee of numerous patents on Manufacture and Use of Carbon 
Dioxide; member of American Institute of Chemical Engineers, Ameri- 
can Institute of Chemists (fellow) and American Society of Refrigerating 
Engineers, and Licensed Professional Engineer in New York and Florida; 
that said experience includes extensive work with the industrial utili- 
zation of carbon dioxide in connection with the recovery of hydrocarbons 
from the earth particularly in secondary recovery, e.g. where the 
pressure in the earth formation is not sufficient of itself to force hydro- 
carbon from the earth in quantities sufficient for economic recovery, and 
other means are required to do so; 

That he is one of a group engaged in development of such secondary 
recovery processes by the utilization of carbon dioxide under superat- 

62 mospheric pressure; and he is thoroughly familiar with the 


practices and literature in the industry; 


That it has been found that carbon dioxide is unique as an agent in 
recovery of hydrocarbons from the earth as compared with all other 
fluids available for such use, such as air, methane, nitrogen, etc., in 
that at pressures above that 600 p.s.i. the recovery of hydrocarbons by 
carbon dioxide fram subterranean earth formations is critically and un- 
expectedly incredsed, the curve of recovery plotted against pressure 
showing an unexpected upturn beginning at about 600 p.s.i., and con- 
tinuing to give such unforeseeable increased recoveries as the pressure 
rises, as compared to pressures below about 600 p.s.i. and as compared 
to all other common fluids such as air, nitrogen, methane, etc.; that 
the recovery of hydrocarbons by use of carbon dioxide at pressures 
above about 600 p.s.i. is remarkably greater than that obtainable with 
air, nitrogen, and methane under identical conditions of treatment; 
that the tables of recoveries as given on page 28, 29 and 30 of application 
Serial No. 102, 306 are correct and he was and is personally identified 
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with the investigations and research which was and is being carried out 
in connection with which those recoveries were obtained; 

That, therefore the use of carbon dioxide in recovery of hydro- 
carbons from the earth is unique and at pressures above about 600 
p.s.i. is critically different from all other known fluid drives in that 
much greater recoveries of hydrocarbons are obtained. 

/s/ James W. Martin 
[JURAT] : 


63 [Mailed April 21, 1952] 


DEPARTMENT OF COMMERCE 
United States Patent Office ! 
Washington | 


| 
Sol Shappirio, Applicant: James W. Martin et al 
Washington Loan & Trust Bldg. Ser. No. 102,306. 
Washington 4, D. C. Filed June 30, 1949 
For Recovery of Hydrocarbons 


Responsive to amendment filed July 27, 1951. 

Additional references made of record: : 
Spindler 1,826,371 Oct. 6, 1931 166-21 
Squires 1,249,232 Dec. 4, 1917 166-1F 
"Petroleum Development and Technology in 1926" Book, pages 51-69. 
American Institute of Mining and Metallurgical Engineers. Copy in 
Div. 49. 

Claims 1, 2, 4, 5, 7, 9, 10, 11, 14, 31, 33, 35, 38, and 41 
are again rejected as unpatentable over the patents to Russell applied 
in the manner of record. Replying to applicant's argument, it is 
fundamental that in order for a structure or process to be patentable, 
it must be novel. Such is not the case in this instance. The Russell 
patents teach that carbon dioxide should be introduced in wells as fluid 
drive "at rock pressure". As noted from the dictionary cited in the 


previous action, such pressures for ordinary wells lies within applicant's 


| 
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alleged critical range of above 600 pounds per square inch. The fact 
that applicant has found that carbon dioxide is a better drive agent than 
nitrogen, air or other drives and that better results are obtained above 
600 pounds per square inch is held not to be controlling since the 
Russell patents show that the process is old within the limits set forth 
by applicant. 

The claims are also rejected as lacking invention over the patent 
to Spindler considered singly or in view of the publication cited above. 
Spindler discloses the introduction of carbon dioxide as an oil drive at 
pressures "varying up to 100 to 500 lbs. or higher" in page 4 lines 

27 to 33. However in page 3 lines 11 to 13, Spindler discloses 
that the flooding fluid "may vary up to 1800 lbs. or higher" and the term 
"flooding fluid" is broad enough to include the gaseous drive using carbon 
dioxide as well as the water drive also described. Hence Spindler is held 
to anticipate applicant's claims in that he discloses the use of a carbon 
dioxide drive at 1800 lbs. or higher as well as at 100 to 500 Ibs. or 
higher. 

In any event, it is well known to the art and is set forth in appli- 
cant's specification, that there is an increase of solubility of carbon 
dioxide gas in oil as the pressure increases above 600 lbs. per square 
inch. In the table on page 56 of the publication cited above, the figure 
is given as 276 cubic feet of carbon dioxide per barrel at 500 lbs. and is 
given as 563 cubic feet per barrel at 1000 lbs. That is, the amount of 
gas dissolved is more than twice for twice the pressure. This is clearly 
suggestive that increased results would be obtained by using the carbon 
dioxide at 1000 lbs. over those obtained at 500 lbs., and no inventive 
novelty can be predicated on so doing. 

| Spindler apparently contemplates the use of either a water drive 
or a gas drive but no invention is seen in combining the two, especially 
since the Russell patents show this to be old. Claims 2, 5, 9, 10, 11 
and 14 which recite the combined water and gas are accordingly held not 





to involve invention over Spindler. 
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| 
Claims 12, 13, 32, 39 and 40 are rejected as not readable on the 
elected species. ! 


Claim 15 is rejected as too broad in reciting that the steps are 
dependent on the result rather than the result being dependent on the 
steps. The term "treating said formation with an agent” without speci- 
fying the agent or the temperature or pressure conditions under which it 

65 will open up the solids fails to comply with section 4888 RS. 
requiring an applicant to particularly point out and distinctly claim his 
invention. | 

Claims 15, 31 and 35 are rejected for lack of disclosure. Where 
in the specification does a basis for these claims occur? As understood 
the claims are rejected as claims 1, etc. ! 

Claims 19, 23 and 24 are rejected as confused since claim 15 
from which they depend recites no initial treatment of carbon dioxide. 
These claims are also rejected as claim 15. : 

Claims allowed: none. : 

Claims cancelled: 3, 6, 8, 16, 17, 18, 20, 21, 22, 25 - 30, 34, 
36 and 37. | 

Claims rejected: 1, 2, 4, 5, 7, 9-15, 19, 23, 24, 31, 32, 33, 35, 
and 38 - 41. : 


/s/ Benjamin Bordett 
Examiner 


66 [Mail Division, October 21, 1952] : 
IN THE UNITED STATES PATENT OFFICE 
In re application of : 
James W. Martin et al; for ! 
Recovery of Hydrocarbons; Division 49 
Filed June 30, 1949 Room 5088 
Serial No. 102, 306 : 


Commissioner of Patents: 


Sir: 
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this application as follows: 
Claim 15, line 4, after "comprising" insert -- initially --. 
Claim 15, line 4, after "formation" insert -- with an agent which 
breaks down solids --. 
REMARKS 
Reconsideration of the several grounds of objection and rejection 


is requested, although it is believed that informalities have been removed 
by this amendment. 
The rejection of the claims on the patents to Russell should be 


withdrawn for reasons pointed out previously. It has been established 
on the record that carbon dioxide is unique in its action, provided that 
it is used at a critical pressure of above about 600 pounds per square 
inch. From all of the various gases that have been suggested for use 
in the prior art including nitrogen, air, and a variety of other materials, 
carbon dioxide stands out as unique in character and action and gives 

67 results which cannot be obtained by the utilization of any other 
drive whatsoever, whether liquid or gaseous. Furthermore, it has been 
found that out of the long range of pressures which it is possible to use, 
there is a critical point in the action of carbon dioxide under the circum- 
stances with which we are concerned here in secondary recovery, namely 
the curve of action with respect to recovery is critically different at 
pressures of above about 600 pounds per square inch. Thus, in the 
present situation, there has been discovered that a single material, 
namely carbon dioxide used at a specified range of pressures, is criti- 
cally different from any other gas under any circumstances, and parti- 
cularly critical from the action of carbon dioxide itself at pressures 
above about 600 pounds per square inch. We respectfully submit that 
the discovery of criticality is always patentable. The fact that in the 
prior art judicious selection of materials or conditions of operation 
could be made after the disclosure of the present invention, does not 
detract from patentability. Because under such circumstances, the art 
never learned the critical factors on which the invention in the present 
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case are predicated, from anything in the prior art. ‘And this is better 
evidenced by the fact that the present practices were never carried out 


in the art since the teachings of Russell or anyone else. Insofar as it has 
been possible to determine, the utilization d carbon dioxide at critical 





pressures as taught in the present case is unique. That it would have 
gone into wide practice if these effects were known, is evidenced by the 
tremendous increase in recoveries of oil which are accomplished by 
this invention. We believe it is hardly necessary to call the Examiner's 

attention to decisions to establish the fact that the discovery of 
critical materials different from others in the same suggested class, 
utilized under critical conditions singling out a particular range of 
pressures in the present instance from all other pressures under which 
materials have been used, is always invention of high order. The facts 
in the situation are substantiated by the affidavit of Mr. Martin which 
has been placed of record, and which testifies eloquently to this tremen- 
dous advance in the art which has been made. Wherefore the Russell 
patents, like all other references of record, did not teach the invention, 
it is submitted that the claims covering the criticality of both material 
and conditions under which it is used, are clearly patentable. 

The rejection of claims on the patent to Spindler is untenable 
whether taken alone or in combination so-called, with the cited reference. 
The patent to Spindler did not teach the present invention. Much of what 
has been Set forth above in connection with the Russell patents applies 
equally to Spindler. But we think the Examiner with applicant's dis- 
closure before him, is reading something into the Spindler patent which 
is not taught by it. The disclosure in the Spindler patent with respect to 
page 3, lines 11-13, referring to the use of pressures upon the flooding 
fluid which may vary up to 1800 pounds, are disclosures with respect to 
the use of water. This is evidenced by the fact that the entire disclosure 
of the patent down to page 3, line 125, is specifically described with 


respect to the use of water as the flooding fluid. And this is specifically 
stated at page 3, line 125 where it is set forth that: 
| 





130 
EXHIBIT NO. 3 
"The description, as disclosed provides for the working of 

oil fields by the use of an incompressible fluid, such as water." 

Thus the use of pressures up to 1800 pounds is concerned with the 
utilization of water under those particular conditions. On the other hand, 
when the patentee goes over then to suggestions for the use of com- 
pressible fluids such as air, carbon dioxide, natural gas, ethane, and 
other fragments of petroleum, it is only with those materials that it is 
stated that pressures of 100 to 500 pounds or higher may be employed. 
But here again we face exactly the same Situation as in connection with 
the Russell patents. Spindler like Russell does not teach that carbon 
dioxide is critically different from all of the other gases, and that it 
does exhibit that criticality when used at pressures of at least about 


600 pounds. There is no disclosure or teaching of that feature in 


Spindler for exactly the same reasons that there is no teaching of that 
feature in the Russell patents as pointed out above. Consequently, the 
rejection on Spindler is untenable for the same reasons. 

Nor do we see how the cited publication helps the disclosure of 
Spindler in any way. The Examiner states that the publication shows an 
increase in solubility of carbon dioxide gas in oil as the pressure in- 
creases above 600 pounds per square inch. Actually we do not think 
that the citation shows any such thing. On page 56 to which the Ex- 
aminer specifically calls attention, the gage pressures are indicated as 
300, 500 and 1000. Furthermore, the relation of pressures to solubility 
is practically a straight line relation, and there is no difference of 
moment between any of the stated gases on the basis of the disclosure 
in the article. The 276cubic feet to which the Examiner calls attention 

is for practical purposes just about one-half of the 563 at the 1000 
pounds pressure. But certainly there is no teaching that there is any 
critical point in any event, and if there were any disclosure of criti- 
cality in the reference at all with respect to solubility of carbon dioxide, 
it would be at pressures of about 1000 pounds gage pressure. But even 
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if this were admitted, and even if there were a substantial increase in 
solubility of carbon dioxide taught in the reference, how does this 
enable application of this feature to be applied to the Spindler patent to 
teach that in secondary recovery, there will be tremendously increased 
recoveries of oil by the utilization of carbon dioxide at pressures above 
about 600 psi. The Examiner states that increased solubility of gas is 
clearly suggestive that the increased results would be obtained, and as 
Stated above even if this were admitted, which it is not, there is no 
suggestion of how this has any utility or value in connection with the 
Spindler patent or any other patent disclosure. There is nothing in 
either of the references to suggest that increased oil recovery from sub- 
terranean passages will be obtained provided that carbon dioxide is used, 
and provided further that it is used under certain critical conditions of 
which the critical lower limit is about 600 psi. One learned nothing 
from the article with respect to carbon dioxide any more than with 
respect to the other gases. ! 

Nor do we believe that it is permissible to combine the references 
because Spindler very clearly teaches that with the gases mentioned by 

him, they all act exactly the same, and the pressures which he 
mentions specifically are within the range in which there is no Sub- 
stantial difference in action. The criticality with carbon dioxide over 
all of the other gases appears at pressures above those mentioned by 
Spindler. Spindler, therefore, does not teach the thing which is the 
fundamental basis of the present invention, nor does the publication, 
and consequently no combination of those references even if tenable 
will teach this invention. | 

Since Spindler fails as a basic or primary reference for purposes 
of rejection here, claims which include the utilization of water drive 
and gas drive in combination where the carbon dioxide is used under the 


critically determined pressure, such as claims 2, 5, etc. are clearly 


patentable over the disclosure. 
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Nonelected species are believed to be clearly patentable along 
with the other claims herein, since the generic claims are patentable, 
and consequently the claims 12,' 13, etc. to non-elected species should 
be permitted to remain herein, and ultimately patented herein. 

The rejection of claim 15 has been eliminated by amendment. 
The original specification is believed to be generic to the utilization of 
Substances which break down solids and enable the formation to be 
more effectively treated after such treatment. Where a class of 
materials is taught in the original specification that is effective to 
accomplish this function, it is sufficient to claim the class as it is set 
forth. Various portions of the specification indicate the types of re- 

72 agents that can be employed. Thus on pages 11 and 13 reference 
is made to the utilization of carbon dioxide itself, for example, at 
pressures below 500 or 600 pounds in order to effect solution of solid 
materials like carbonates, etc. which would interfere with porosity. 
On page 22 various pre-treatments are referred to prior to carbon 
dioxide utilization including acidizing. Steps of the latter character 
are old and known in the art. Applicant does not under such circum- 
stances have to specify those things in more detail, and it is sufficient 
to teach that those things which have been used in other relations in the 
art may also be employed here. Since the claim is generic properly 
to the disclosure in the original specification, and since classes of 
materials have been disclosed, it is believed proper to claim the class, 
and that the claim is not too broad in that connection. It may be noted 
that it is an original claim and part of the original disclosure. 

The rejection of claims 15, 31 and 35 as lacking disclosure is 
untenable. With respect to claim 15 portions of the specification 
supporting that claim are set forth above. With respect to claim 31 
referring to the utilization of substances which lower the viscosity of 





the hydrocarbons, attention may be called to pages 16 and 18, where 
reference to the utilization, for example, of hydrocarbons such as 
methane, ethane, etc. may be utilized to reduce or lower the viscosity 
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of the hydrocarbons, and also to claim 32 in this connection. These 
claims are, therefore, clearly based on the original disclosure, and 
are themselves part of the original disclosure. The rejection of claim 
73 35 as lacking basis is believed to be untenable in view of the 
disclosure on pages 13 and 20, particularly the latter where it is set 
forth that carbon dioxide may be used with varying high and low 
pressures where at least at some stages the critical pressure is 
utilized. : 
The objection to claims 19, 23 and 24 as confused when based on 
claim 15 has been eliminated by reference to the initial treatment in 
claim 15. It is believed that there is no ambiguity. The claims are 


believed to be clearly patentable for reasons given above in connection 


with claim 15, and also in view of the added feature not taught anyplace 


in the art. : 

The invention in the present case is of tremendous import in the 
art. This is evidenced by the activity in the art which has developed 
since the present invention became known and disclosed to the art. 

This is evidenced for example by the tremendous increase in published 
articles dealing with the results being obtained and many other activities 
flowing from the disclosures herein. | 

The Squires patent cited is understood not to be relied on for re- 
jection, but is less pertinent than Spindler or Russell but for the same 
reasons as given above. He does not disclose any pressures critical 
or otherwise. Further, his combustion gases have a very low content 
of carbon dioxide at best and he does not even say what it is. In view 
of the low COg content, regardless of what pressures are used, the 
effective pressure of the COg would be far below that claimed critically 
herein. : 

Reconsideration and allowance are accordingly requested. 

Respectfully submitted, 


/s/ Sol Shappirio, | 
Attorney for Applicant. 
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[Mail Division May 7, 1953] 
IN THE UNITED STATES PATENT OFFICE 


In re application of 

James W. Martin et al; for 

Recovery of Hydrocarbons; 

Filed June 30, 1949 Division 49 
Serial No. 102, 306. 


Commissioner of Patents. 
Sir: 

Following a conference courteously granted by the Examiners 
in this case, it was thought desirable to supplement that conference by 
further amendment and argument with supporting affidavits prior to the 
next official action: 

Please add the following additional claim: 

46. The method of claim 1 in which the amount of carbon dioxide 


introduced into the formation reservoir is more than about 20 cu. ft. of 


COo per cu. ft. of liquid in the reservoir. 
REMARKS 
Following the thorough discussion of this invention at the con- 


ference referred to above, this supplemental amendment is filed to 
place of record a number of facts and observations referred to at that 
meeting and to clarify the position for patentability beyond any question, 
together with supporting affidavits. 

An objective approach to the invention claimed here can be had by 
considering briefly the history of the art. While little work with carbon 
dioxide appears to have actually been tried in the field prior to the field 
operations based on the instant invention, there have been patents like 
Spindler discussed in detail at the conference, and Russell, which 
mention a list of gases that may be introduced into a well and include 
carbon dioxide as one such gas among others like air, methane, oxygen, 
petroleum fragments, any compressible gas, etc. 
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There can be no disagreement over the fact that not a single 

prior art patent suggests any criticality as to CO9 from any other 
gases or fluids or criticality of any of the other suggested fluids. 
Further there is no disagreement as to whether any prior art dis- 
closes any criticality for any pressure range for any fluid and 
certainly none teaches any pressure criticality for carbon dioxide. 
It is true that patents like Spindler mention 100 to 500 p.s.i. ‘and 
higher" for any compressible gas, and Russell talks about rock 
pressures, but in none is there a specific teaching that 600 p.s.i. 
is to be used. Obviously none then teach criticality for pressures of 
that order. The question then is whether it involves invention to use 
carbon dioxide at an effective pressure of the COs of the order of at 
least about 600 p.s.i. in the recovery of oil from the earth. And to 
Support applicants’ position for patentability, reference is made to 
the new and unobvious results obtained by the present invention attested 
by the results of record and the tribute paid in the art to the present 
invention by independent observers. : 

cx: The original specification particularly emphasizes that about 
600 p.s.i. is a minimum critical point for CO» use in Such recovery 
operations because at that order of pressure, the curve of recovery of 
hydrocarbons from the earth (initially a straight line of low slope) at 
about 600 p.s.i. effective pressure of CO, suddenly changes direction 
upwardly in a curve showing unexpectedly great increases in oil re- 
covery (phenomenally smaller residual oil in the formation). The 
data are of record in the original specification as at pages 28, 29, 
etc. and substantiated by the Martin and Hammer affidavits filed here- 
with. Independent observers have reported the same thing in testing 
the prior disclosures of the present invention as the Martin affidavit 
and attached literature shows to which may be added the article by 
Henry D. Ralph in the Producers Monthly, article entitled "New 
Recovery Tool" with the by-line "Use of carbon dioxide in water-flood 
operations recovers oil otherwise lost, consulting engineer tells 
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compact’. The Oil and Gas Journal for May 3, 1951, and the review by 
Paul D. Torrey in World Petroleum, entitled "Prospects for improving 
oil recovery” under date of March 1953, copies of both articles here- 
with. 

This criticality arises with COs at pressures above about 600 
p.s.i. hereinafter called the minimum-critical range and (1) is not 
shown for CO» at pressures below the critical minimum range but is 
shown for any pressure about that range, and (2) no criticality is shown 
by any other fluid tested at any pressure. 

To secure the critical effect, the carbon dioxide pressure per se 
must be above about 600 p.s.i., e.g. the COg partial pressure if any 
other gases are present. As stated in the original specification page 5 
line 17 through page 6 line 6: 

A. Carbon dioxide under high pressure is essential. 

B. Other materials may be present (p. 5 1. 22-23) 

C. But it is essential that the COo9 be employed at minimum pressures 
of the order stated regardless of what else may be present. 


Thus to obtain the critical results of the present invention the COg 


must be used at an effective pressure of the COs of the critical minimum 
range. To apply this to discrete situations let us take a formation where 
the pressure in the formation is 700 p.s.i.; under the present invention 
the COg is introduced so that the partial pressure of the CO» in the for- 
mation is at least about 600 p.s.i. The total pressure in the formation 
may thus be raised to as much as 1300 p.s.i. The invention is not 
directed to the introduction of COg at a pressure just high enough to 
introduce it into the formation against the pressure already existing 
there, because that will not give an effective pressure, e.g. partial 
pressure, of COg of at least 600 p.s.i. 

A consideration of the prior art in the light of these facts should 
resolve any question of patentability and a consideration of Spindler will 
depose of all of the art. Spindler on page 4 refers to use of any com- 
pressible fluid and mentions air, COo, natural gas, ethane or other lower 
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fragments of petroleum. He states the initial pressures may be 100 to 
500# or higher. What does he mean by this? Spindler introduces the 

fluid to move it outwardly from the flooding source. (page 4 
col. 1 lines 1-4). The order of pressures used by Spindler are of the 
order of 150 lbs. (average)' (Page 4 col. 1 line 59). ‘What Spindler 
does is to use a so-called "re-pressuring" system. (Page 4 col.1 line 
4). He seeks to build up the pressure again. He can use any compressi- 
ble fluid. They are all alike. And the pressures he uses are re- 
latively "high" to him but actually 500 lbs “or higher" but always in a 
repressuring system. He introduces the fluid at a pressure just enough 
above the pressures to be overcome, to get movement of the fluid into 
the formation. But that of course will not give him an effective pressure 
of COs above about 600 p.s.i., nor can he obtain it by any teaching 
therein, nor in the more than thirty years since Spindler was known, has 
the art learned it. 3 

Applicants' invention here is not a re-pressuring system. AS 
stated in the January 1951 article in Producers Month! y attached to Mr. 
Martin's affidavit, the ORCO process : 

"* * does not utilize carbon dioxide for the purpose of 

re-pressuring the reservoir." (col. 1 bottom). 

No adequate explanation has yet been given to explain why the 
ORCO process enables the phenomenal recoveries to be obtained. How- 
ever, the literature and affidavits supplied herewith show that solubility 
of COg in oil at higher pressures is not the explanation. But it does not 

militate against the invention that an explanation has not been offered. 
As stated by the Supreme Court in Diamond Rubber Co. v. Consol. Tire 
Co. 220 U.S. 428, 435: 

"A patentee may be baldy empirical, seeing nothing beyond 
his experiments and the result; yet if he has added a new and 
valuable article to the world's utilities he is entitled to the rank 
and protection of an inventor. And how can it take from his merit 
that he may not know all of the forces which he has brought into 
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operation? It is certainly not necessary that he understand or be 
able to state the scientific principles underlying his invention, and 
it is immaterial whether he can stand a successful examination as 
to the speculative ideas involved." 

And as stated in the preceding portion of that decision, pages 434-435: 

"Many things and the patent law abounds in illustration, 

seem obvious after they have been done, and ‘in the light of the 
accomplished result’ it is often a matter of wonder how they so 
long ‘eluded the search of the discoverer and set at defiance the 
speculations of inventive genius’. * * Knowledge after the event 
is always easy, and problems once solved present no difficul- 
ties, indeed, may be represented as never having had any, and 
expert witnesses may be brought forward to show that the new 
thing which seemed to have eluded the search of the world was 
always ready at hand and easy to be seen by a merely skillful 
attention. But the law has other tests of the invention than 


subtle conjectures of what might have been seen and yet was not. 


It regards a change as evidence of novelty, the acceptance and 


utility of change as a further evidence, even as demonstration." 

We think therefore there is no question that the present invention 
is patentable. The implications are tremendous for it has more than 
doubled the estimated horizons of oil that can be obtained from the 
earth. Its importance to a world dependent today in large measure on 
its oil is of fundamental character. 

To the ratio directed claims 42-45, most certainly now shown in 
the art, one added claim 46 has! been included to cover the broader 

81 ranges permissible where various liquids are present in the 

reservoir. See the table on page 17 and discussion at the bottom of 
page 17 and on pages 7 and 8. 

It is fitting to call attention to the article by Dr. Joseph N. 
Breston, Director, Production Research Laboratory, The Pennsylvania 
Grade Crude Oil Association, Bradford, Pa., in Producers Monthly, 
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April, 1953, pages 30-36, entitled "Progress in Production Research 
at the Penn Grade Association Laboratory”, in which Dr. Breston makes 
some most interesting comments which are all the more pertinent since 
he is wholly independent of any association with applicants and their 
affiliates, and these comments will be correlated with certain posi- 
tions taken by the Examiner, the whole serving as “ effective summary 
and conclusion to the position advanced here. ? 

One of the points raised by the Examiner has been based on the 
contention that the results obtained are obvious because of increased 
solubility of CO» at higher pressures. But Dr. Breston reviews earlier 
work to show that a directly opposite conclusion had been reached in the 
art. He says on pages 35-36 of that article: ! 

"Nitrogen is much less soluble in crude than natural gas. 

The results indicated that more free gas phase was established 

and greater oil recovery effected when this less soluble gas was 

used. To follow up on this Robert Macfarlane and Joseph Saxon 

conducted further tests with gases of varying solubility such as 
carbon dioxide, propane, natural gas and nitrogen. The tests 
clearly showed that on a volume for volume basis total oil re- 
covery was greater when the less soluble gases were pre-injected.™ 

These views confirm applicants position as outlined earlier herein 
that the results obtained by applicants cannot be stated to be obvious 
from the increased solubility of COg. 

Another point raised by the Examiner relates to Squires use of 
engine exhaust gas, the Examiner stating it is predominantly CO9. Dr. 
Breston points out that (page 36): , 

"Engine exhaust gas was used since it is predominantly 

nitrogen* *." 3 
He also points out that the use of engine exhaust gas raised serious 
problems of corrosion, which the record shows does not arise with 
applicants’ use of COg even at the unique critical pressures of at least 
about 600 p.s.i. : 
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Finally we may point to Dr. Breston's evaluation (page 36) of 
the invention of the present applicants referred to therein as "the 
ORCO Company's new method" (underlining added) where in connec- 
tion with oil recovery tests using applicants’ method, he says: 

"The results showed that under certain conditions a very 
substantial amount of oil could be recovered from flooded-out 
cores by reflooding with carbonated water. Also if carbonated 
water is used in a new flood the recovery could be as much as 35% 
greater than if ordinarily water were used." 

Here is the view of a wholly independent expert paying tribute to 
the present invention as not only new but as giving unexpected and un- 
predictable results of the gravest moment to the industry and to the 
world. 

Allowance is in order and such action is solicited. 

Respectfully submitted, 


/s/ Sol Shappirio 
Attorney for Applicants 



















































TECHNOLOGY 


New Recovery Tool 


Use of carbon dioxide in water-flood operations recovers 
oil otherwise lost, consulting engineer tells Compact 


Meary D. Ralph 
SANTA FE.—Current experiments 
with the addition of carbon di- 


can be recovered from old oil fields 
in the 


An informal report on the experi- 
ments was presented to the commis- 
sion'’s secondary-recov 


i created great interest 
and he was closely questioned by en- 
gineers a 


See-cond teat—Under certain condi- 
Martin said, a solution of 258 
of carbon dioxide in water 
is capable of removing more 
per cent of the recoverable 
staternent, it was brought out 
questioning, was based on labora- 
unconsolida 


Heels 
HTT 


percentages of CO, were added to 
water 


The result, as shown in the accom- 
indicated that a con- 


Fé 


Limiting fectors.—The conditions un- 
der which CO, bring such satisfactory 
tesults appear to be limited by 8 
number of factors. 

The first is the degree of concentra- 
tion. As the chart shows, the most 
economical concentration is between 
20 and 3 per cent of CO, gas in the 
flood water. Additional increase in oil 


in formation volume, Martin 
said. 

Probably the most important fac- 
tor is the pressure used in water 
flooding. The favorable results ahown 

the chart achieved by 


rise in ofl recovery. : 
planation is that a pressure of about 
800 psi. is req to e 

ld concentration” necessary 


Temperature is also important, and 
results. to date have been 
achieved with the flood water at 
about 75° F. Martin said that this may 
be the temperature of activation, as 
the results ere greater than would 
be expected from simply a decrease 
in the viscosity of the crude due to 
en increase in temperature. He added 
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20 ry) so eo * 
WCARBOMATION OF FLOOD wartR 


Corp. on ertificial of! send indicate thet @ cveceatretion 
im tleed water will remove 7§ por coat of the oi] that 
resevered by 108 per cont concentration ef corbes dioxide. 


«BERRI 


on high -‘temperature sands of the 
Southwest. 

Anothes factor 1s the nature of the 
crude oil} and, generally speaking. 
recovery ‘increases with the A.P1. 
gravity scale. Recovery appears to be 
greater with paraffinic-base oils than 
with naphthenic but 1s better with 
naphthenic than with asphaltic and 
would be even bétter with aromatic- 
type of crude ol than with paraffinic 
This statement. Martin explained. 1s 
only indicative, as there are varia- 
tions within these genera] rules. 

The natural-gas content of the 
crude also affects the recovery when 
CO, is used, and where the oi] is com- 
pletely “dead” it 1s probably advis- 
able to inject some natural gas prior 
to water flooding 

In his announcement of last Jan- 
uary. Martin had referred to the use 
of an undisclosed “adjuvant,” or add- 
ed assisting agent. Under questioning 
by the Compact commuttee he re- 
vealed that natural gas was the ad- 
juvant used in Jaeboratory tests as at 
was early discovered that cores de- 
nuded of natural gas gave poor re- 
sults. He explained that in practical 
applications, CO, could be used with- 
out any adjuvant but that he is work- 
ing on various other adjuvants such 
as wetting agents. 


Field-tect' results.—Two field tests are 
being run at present. one in the Penn 
Grade area in New York. the other in 
northeastern Oklahoma In both cases 
the sands had been water flooded to 
the economic limit and the fields were 
selected to get the best test of the new 
process However, Martin said. it 
probably would be better to use co. 
at the beginning of a water-flooding 
operation instead of considering it a8 
@ tertisry-recovery method. 

These field tests have not been 
completed. but to date. Martin said. 
they have revealed the following 
phenomena: 
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wells. A pro- 

on the new off 
injected, so that 
compared with those 
that CO, 

—~ 


{ 


fi 
+ ai 


EE 
B 
we 


flooded oi] sand..In some oil sand that 
had been water flooded over a period 
rs, 


syerenmately cu. ft. per barre 
° p 
The 80 produced was a remark- 





@ er 
Production cf unsaturated ° 
bens.—The use of carbonated water a 


(ethylene, propylene, etc.) in the pro- from 
duced gas. In an actual field test the 
produced natural gas. which, prior to - 
the advent of the carbonated water : 
in the sand, contained jess than 1 per te < 
cent unsaturated hydrocarbons, in- 
creased in unsaturated hydrocarbons, ° 
to around 20 per cent. _ ' 
a of eae use 

carbona water motes pro- 
duction i organ acids or their salts) ™oval of the oil from the sand. designs for 2 smal field * 
in the oil sand. Not only were the or-| | © Increased injectivity is possibly Po 
ganic acids founc to be present in} brought about by scveral > per day. and since equivalent 6 
produced water, but evidences of their] (8) Carbon dioxide decreases the pH to 17.200 cu. ft. of gas, this would be 
solvent action on the minerals in the} Of the oil sand adjacent to the injec- sufficient to operate a flood of 10 on 
sand were also found. Considerable | tion well Tnis would limit bacterial acres after the initia] supply hed 
quantities of barium sulfate and ba- | £fowths that now tend to plug the been built up. The probeble cost of 
rium carbonate. were reported from \ injection area. (b) It also ucts as a CO, at such a plant would be $15 per 
the produced oil. oivent for certain saltx such as cal- ton, though it may be possible to re- s 

um carbonate whose crystals clog duce this to close to $10 per ton. 
Corresion.— When carbon dioxide or the passages between the «and grains. Martin pointed out that compressor 
carbonated water is used in the con- (c) It is thought possible that the plants often have as much as 9 per 4 
trolled concentrations ne evidences of presence of carbon dioxide tends to cent of CO, in their flue gas and he 
corrosion were noted in the produc- shrink some of the clay found in an suggested that where this gas is avail- - 
tion wells or in any of the equipment oil sand and thus render a dirty sand able it be absorbed in water and this 
used in handling the eae Boke more permeable. water = in flonding, with addi- 
There is reason to beheve that . . : tional 
carbon dioxide forms sufficient Test details.— Under questioning. Mar- : - 
amounts of alkali und alkali-earth tin revealed that the New York test. Oi] cost.—In conclusion, Martin seid 
carbonates and bicarbonates that these Which has been operating about 18 that the cost of the incremental oil 
salts become buffers which prevent Months. covers only half of an old produced by his method may be in = 
the corrosion of the steel. five-spot pattern, so that drainage ix the range of 35 to 90 cents per barrel. 
: ? only about 's acre.: Two additional depending on field and = 


Production-well ing. -The uxe of 
carbonated water doex not present 
uny difficult problems duc te deposi- 

thon of solids at the production wells 
“and separators: Varieus ulkali-earth 
carbonates are formed and largely 









oi wells previously had been drilled 
ne dead sea of this five-xpot. Be- 
fone starting tie CO: test. a new pro- 
ducing wel) was drilled in the center 
of half of the five-spot und three old 
preduciny wells were cleaned and 









frem carbonate reservoirs. 


Reprinted from The Oil and Gas Journol, issue of May 3, 1951 





EXHIBIT NO. 3 


J.A. 143 


~~ 





T COPY AVAILABLE] 


the original bound volume | 


—— 


>» 


"Prospects for 
improving oil recovery ay Pats 





XHIBIT NO. 3 


Panes City, Oklahoma, November 17, 1952. 


Prospects for 
improving oil recovery 


By Paul D. Torrey 





Paul D. Torrey is recognized as the 
leading authority on methods of in- 
creasing the recovery of petroleum 
from its native reserroirs. For 13 
years he has been chairman of the 
standing sub-committee of the Ameri- 
ean Petroleum Institute on secondary 
recovery methods and serves in a simi- 
lar capacity on corresponding commit- 
tees of the Interstate Oil Compact 
Commission and the Independent Pe- 
trolexm Association of America. He 
also has been a contributor to the 
United Nations Scientific Conference 


‘on the Conserration and Utilization 


of Resources. In February, .1952, he 
receited a citation from Marietta 
College conferring the degree of Doc- 
tor of Science. Mr. Torrey is president 
of Orchem Corporation, an organiza- 
tion engaged in the development of 
chemical processes to increase the 
efficiency of oil recovery. 
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CONSIDERATION of the factors which 

control the movement of fluids 
through the openings of oil reservoirs in- 
dicates most impressively that most of 
them are not susceptible to alteration that 
would serve to benefit or to accelerate the 
rate of oil recovery. 

This statement, of course, 1s subAect 
at once to some qualification, for it is 
possible to alter to some extent the radius 
of well bores by various mechanical 
processes or to reduce the radius of the 
drainage area by the drilling of additional 
wells. Such changes, however, may be 
made in many cases only with some diff- 
culty and, very likely, at considerable ex- 
pense. Consequently, they may not be at 
al) practical or economic. Obviously, geo- 
metric and logarithmic functions, as well 
as the thickness of the oil-bearing rock, 
are not subject to change, and long ex- 
perience has shown that there is a very 
definite limitation to the differential in 
pressure that may be created in the reser- 
voir. Thus, it is evident that reduction in 
reservoir crude viscosity or increase in 
the permeability of the reservoir rock to 
oil or to water, whichever may be desired, 
are the most promising possibilities for 
improving the efficiency of oil recovery. 

Reservoir crude viscosity can be re- 
duced by the application of heat, by dilu- 
tion with light hydrocarbon liquids, and 
by the solution of light hydrocarbon 
gases. Increase in effective permeability to 
oil or to water may be effected by in- 
creasing the preferential wettability of 
the reservoir surface to the respective 
liquid phases. An increase in permeability 
to water may. also take place by a re 
duction in the interfacial tension between 
oil and water which, in turn, tends to re- 
duce the capillary pressure existing in 
the more minnte pore passages. 

The possibility of increasing oil re- 
covery by the application of heat energy 
to the reservoir has been recognized for 
a number of years. and attempts have 
been made in almos: every important oil 
producing region to apply some form of 
heating process. Recently consideration 
has been given to the heating of reservoir 
fluids by electric current—the process of 
pyrovolatilization—by hot gases, and by 
hot water. 

Pyrovolatilization is a process of under- 
ground vaporization. proposed recently by 
Slezak and Davis’ for application in the 
Bradford field, in which the reservoir is 
first fractured by high voltage electricity 
and its temperature then increased to the 
point where the oil in the porous rock im- 
mediately surrounding an input well will 
ignite spontaneously when compre:sed air 
is injected into it. It is conjectured. quite 
reasonably, that the water occurring in 
the reservoir will be converted to steam. 
and that recovery of oil will be obtained 
as a result of a steam distillation process. 
As the process is continued, it is believed 
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can be controlled by maintaining back 
pressure at the producing wells. The total 
pressure that can be developed in the 
reservoir will be fixed by the vapor pres- 
sures of water and oil at any specified 
temperature. Thus, the pressure will de- 
cline from the higher to the lower tem- 
perature zones. It is proposed to raise the 
temperature of the Bradford sand initially 
to an average value of 400°F by means 
of electricity, and thereafter by the burn- 
ing of some of the oil in the reservoir. 
The vapor pressures of oil and water at 
this temperature are about 100 psi and 
250 psi respectively, so it will be necessary 
to inject compressed air into the sand at 
a somewhat higher pressure. 

The authors estimate that about one- 
third of the oil in the reservoir will be 
consumed to provide the necessary heat. 

The movement of fluids through the 
Bradford sand at the vapor pressures 
created by an increase in temperature to 
400°F will be slow on account of its low 
average permeability. Consequently, it 
would seem that there should be greater 
opportunities for the economic applica- 
tion of the process. of pyrovolatilization 
to other more shallow and much more 
permeable reservoirs of western Pennsyl- 
vania. Many of the shallow Venango sand 
reservoirs have responded successfully to 
pressure differentials in the range of 100 
to 250 psi in artificial gas drive. 

In 1927, A. F. Melcher, research phy- 
sicist with Marland Oil Company (now 
Continental Oil Company) attempted to 
increase oil recovery by heating a very 
shallow oil sand, which was found at a 
depth of around 20 feet. with hot exhaust 
gases produced from the cracking stills 
of the nearby Ponca City refinery. Large 
diameter holes were drilled for the injec- 
tion of the hot gas in order that a man 
could be lowered to the level of the oil 
sand, after the hole had been ceoled, to 
inspect the effects of the application of 
heat. Temperatures of around 700°F were 
applied to the reservoir, and in a matter 
of a very few months no more hot gas 
could be injected, but during this period 
some, increase in oil recovery was noted 
in four offset producing wells located in 
a square pattern 50 feet away from the 
input well. Subsequent inspection of the 
oil sand in the input well revealed that 
the pores had been plugged by the deposi- 
tion of carbon and asphaltic material, and 
possibly by some fusion of soft clay 
cement. 

Subsequently, Russian authors? have 
reported on experiments conducted in the 
Grozny field where hot exhaust gases were 
produced at the bottom of wells by the 
burning of natural gas under pressure 
when mixed with the correct proportion 
of air. Moderate increases in oil produc- 
tion were reported, but the performance 
of the wells, as described by the authors, 
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certainly indi lugging of the sand, 
presumably fro deposition of carbon 
and quite possibly from vitrification, 
either of which would reduce greatly any 
temporary benefits resulting from the ap- 
plication of heat energy to the reservoir 
by the injection of hot gas. 

The results of these two field tests, 
under widely different conditions and in 
widely separated areas, are very similar. 
They point to a generalized conclusion 
that application of hot gases, at the high 
temperatures necessary to affect the en- 
tire volume of the reservoir, will rarely 
be practical because of the cracking of 
the oil and deposition of carbon, and be- 
cause of the distinct possibility that vitri- 
fication of the reservoir will take place. 

Recently, Frederick Squires and Ed- 
mund S. Merriam" have described a sub- 
merged burner for the underground gen- 
eration of heat. which avoids the appli- 
cation of excessively high temperatures 
to the face of the reservoir in an input 
well by the production of steam right at 
the bottom of the well. The steam so pro- 
duced will take on additional] heat liber- 
ated by the burner. The resulting mixture 
of steam with the products of combustion 
will hold the heat generated by the burner 
largely as latent heat. Thus, heat losses 
in a vertical direction are minimized since 
most of the heat is carried into the for- 
mation as latent heat rather than as sen- 
sible heat. 

The underground burner is submerged 
in water near the bottom of an input well. 
Fuel oil and air, or gas and air, are piped 
to it from the surface in the correct pro- 
portions, and are ignited and burned. The 
hot exhaust gases are conducted below 
the surface of the water where they are 
released to generate steam. The mixture 
of exhaust gas and water vapor may have 
a temperature initially below the boiling 


‘point of water. It will deposit liquid water 


when its dew point is reached as it cools 
while passing through the reservoir. The 
condensing steam liberates its heat, but. 
of course, it does not do this all at one 
point. Some water vapor is retained in 
the mixture and is deposited only as the 
dew points are reached for mixtures 
carrying less and less steam with increas- 
ing distance from the input well. 

The Squires-Merriam underground 
burner has been employed successfully in 
a small scale field trial, but in this test 
it is doubted whether it would have been 
commercially successful because of high 
cost of fuel. The principal there- 
fore, in the economic application of heat 
to increase oil recovery is to get sufficient 
heat into the reservoir at minor cost. A 
fascinating possible solution to this 
problem has been proposed by Frederick 
Squires*, based on his studies of the ex- 
perimental underground coal gasification 
project of the Alabama Power ‘Company 
and the United States Bureau of Mines 


7 


be susceptible to rather easy solution, the 
process of injecting a mixture of steam 


liquids would not be required for the gen- 
eration of heat. Squires and the writer 
have emphasized that many of the shallow 
oil-producing areas of the United States 


from radiation as the warm water moves 
from surface to reservoir should not be teo 
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structural position than is obtainable by 
any other recovery process. In actual 
practice the percentage recoveries indi- 
cated by laboratory work probably will 
not be obtained, but the writer* has de- 
scribed projects in California and in Iran 


-where substantia! increases in oil recovery 


have been indicated by the dilution of 
fairly heavy crude oils by light hydro- 
carbon liquids. 

The limiting factor to LPG injection 
by the Kennedy method is the necessity 
for pronounced structural relief in the 
reservoir. A dip of at least 10° from the 
axis of the structure is considered to be 
essential, and theoretically the efficiency 
of the recovery process increases in 
structures with more acute dips. The 
steeply dipping anticlines, which have 
controlled the accumulation of oil in many 


of the fields of California and Iran. ob- 
viously are ideal for the LPG injection 


process. 

Laboratory and field experiments have 
indicated that the injection of light hydro- 
carbon gases prior to water-flooding and 
high pressure gas injection under certain 
specific conditions result in substantial 
increase in oil recovery over the amount 
that could be obtained by unaided primary 
recovery from gas-drive reservoirs. 

As reported independently by Schiffman 
and Breston? and by Holmgren and 
Morse’, an increase in gas saturation in 
the reservoir rock prior to the injection 
of water in laboratory tests has resulted 
in an increase in oil recovery of up to 
50 percent above that which would have 
been obtained by the use of water alone. 
It is believed that the beneficial results 
observed in laboratory experiments of gas 
injection prior to water flooding are due 
to several factors, among which can be 
cited: 

(a.) an increase in mobility brought 
about by changes in relative permeability 
values, and by a reduction in the viscosity 
of the reservoir crude oil. 

(b.) increased formation volume factor 
resulting from the swelling of the reser- 
voir crude oil by solution of gas. ' 

(c). increase in temperature by release 
of latent heat of vaporization 4s gas is 
dissolved in crude oil. 

(d.) the selective filling of the more 

ble sections of the reservoir with 
gas bubbles (the Jamin effect) ahead of 
the water, thus reducing the tendency of 
the water to bypass through zones of 
higher permeability. 

As reported by the writer®, field experi- 
ments over a period of several years by 
the South Penn Oil Company in the Brad- 
ford field have tended to confirm the re- 
sults of the laboratory work even though 
the prior injection of gas was employed 
originally as a fuel conservation measure. 
However, fairly limited experience with 
gas injection prior to water-flooding in 
shallow Oklahoma fields producing from 
the Bartlesville sand has b<en quite 
negative. Little or no increase in oil re- 
covery, above the amount that could be 
expected from conventional water flood- 
ing, has resulted fnam prior injection of 
gas. 

In 1944 Frederick Squires’ first pro- 
posed secondary recovery by simultaneous 
injection of gas in the central part of a 
field pos¢essing low structural relief. and 
the injection of water around the edy+. He 
also proposed an ideal me*hod of pressure 
maintenance for fields located on well 
defined anticlinal structures in which gis 
is injected in wells located at the highest 
part of the structure and water is in- 
jected contemporaneously slightly below 
or at the existing water-oil contact. The, 
method proposed by Squires fir-* received 
a field test. as far as is known. in the 
West Tepetate field. Louisiana be the 











'»Barnsdall Oil W6mpany (now Sunray Oil 
Corporation) where water injection was 
| commenced in 1946 and_gas injection was 
commenced in 1947. Results of significant 
: importance have been obtained from this 
+ project and it is indicated to be one of 
,the most effective pressure maintenance 
projects in the United States. . 
*  Assreported originally by Wharton and 
Kieschnick"!, and subsequently discussed 
‘by Griffith and Hollrah’, it —bas_been 
shown in both laboratory and field experi- 
_ments that the injection.of gas into oil 
reservoirs at pressures much higher. than 
_ those used in most conventional gas pres- 
suré maintenance projects will: result in 
considerably improved recovery ot oil. In 
addition to employment of injection pres- 
i sures in excess of 3,000 psi, it is indi- 
‘ cated that recovery is improved by the 
‘ injection of an appreciable quantity of 
| intermediate boiling range hydrocarbons 
and by an undersaturation of the reser- 
' voir oil at the pressure of displacement. 
Improved recovery by the high pressure 
gas injection process is believed to be 
| obtained as a result of: 
(a.) reduction in reservoir crude oil 
| viscosity. 
(b.) swelling of reservoir crude oil to 
: give a high formation volume factor. 
,  (¢.) evaporation and solution effects 
, which reduce the final residual oil satura- 
: tion. 
Increase in the formation volume factor 
‘ unquestionably is one of the most im- 
‘ portant and promising features of the 
high pressure gas injection process. By 
: inducing a swelling of the crude oil to 
| several times its original volume, the con- 
tinuity of the oil phase in the reservoir 
| is preserved, thus maintaining a high 
| relative permeability to oil. 
Unfortunately there are many shallow 
: oil reservoirs in the United States which 
i will not withstand the pressures required 
' for the successful application of the high 
: pressure gas injection process. Also, in 
: many of the shallow producing areas. 
' there are only limited quantities of LPG 
available. Consequently, recent studies 
_ conducted by Montclair Research Corpo- 
ration for Oil Recovery Corporation on 
the effect of carbon dioxide on the solu- 
. bility of natural gas hydrocarbons in 
: crude oil are extremely significant. 
Although an appreciable amount of data 
| gre available on the solubility of natural 
’ gas in various crude oils at elevated pres- 
sures, up to the present little information 
: has been available on the effect that car- 
bon dioxide has on the solubility of 
' methane, ethane, and other gaseous hydro- 
‘ carbons in crude oil. Data developed by 
i Montclair on the solubility of carbon 
i dioxide, methane, and ethane in Pennsyl- 


| yania Grade Crude oil at 80°F are shown 
in the accompanying illustration, Figure 
' I. In this figure the total solubilities of 
: mixtures of carbon dioxide and ethane or 
i methane in Penn Grade crude oil at the 
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final equilibrium fF ure are shown by 
Curves II and IV. the carbon dioxide- 
ethane mixture of 1.50:1.00 partial pres- 
sure ratio (Curve II), the 900 psi pres- 
sure point corresponds to a carbon dioxide 
partial pressure of 540 psi and a methane 
partial pressure of 360 pei. 

From the figure it can be seen that the 


solubility of methane is practically a | 
straight line function over the pressure : 
range examined. The carbon dioxide data : 


are interesting in that while the solu- 


bility increases gradually over the range ° 


of from 100 to 500 psi in a straight line 
fashion, a rather sharp increase in the 
slope of the solubility curve occurs at the 
600-700 psi pressure point. Above this 
inflection point the solubility of carbon 
dioxide increases rapidly with increasing 
pressure. The solubility of ethane in- 
creases rapidly with increasing pressure 
with the result that at a pressure of 500 
psi the solubility is as much as 232 vol- 
umes of ethane for one volume of the 
crude oil. 


From these curves it will be apparent 
that the use of carbon dioxide to increase 
the solubility of gaseous hydrocarbons in 
crude oil has important possibilities in var- 
ious oi] recovery processes. It is believed 
to be generally true that formation volume 
factors of reservoir crude oils are directly 
proportional to the volumes of gas dis- 
solved. In contrast, as shown in the solu- 
bility curves, at a pressure of 900 psi, 
where the solubility of methane in the 
crude is only 30-volumes per volume of 
oil, the solubility of the CO,-CH, mixture 
at a partial pressure ratio of 1.54:1.00 is 
70 volumes per volume of oil. The total 
solubility of the CO,-C,H.. mixture at ap- 
proximately the same partial pressure ap- 
proaches the exceedingly high value of 
440 volumes per volume of oil. This phe 
nomena should be of particular interest 
both in primary and secondary production 
operations since the addition of carbon 
dioxide would so increase the solubility 
of the hydrocarbon gases that their re- 
lease from solution, as the pressure in 
the reservoir is reduced, would be greatly 
retarded. 

In this connection, it should be noted 
that the application of carbonated water 
(the Orco process) to oil reservoir rocks 
invariably has resulted in the production 
of mixtures of carbon dioxide and ab- 
normal quantities of hydrocarbon gases 
heavier than methane. Thus, the produced 
gas from an application of the Orco 
process should prove to be an ideal mix- 
ture to promote a high degree of reservoir 
fluid swelling. Once a cycle of use is 
established, the combined effects of carbon 
dioxide, when mixed with hydrocarbon 
gases and then dissolved in the reservoir 
crude in advance of the injection of car- 
bonated water (a preconditioning proc- 
ess), as it is employed in the Orco process 
could prove to be a remarkably effective 
technique for improvement of recovery. 
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Although the data presented are based 
only on: tests in which Pennsyivania 
Grade crude oil has been used, the pos- 
sible application to crude oils possessing 
much higher viscosity is obvious. If, for 
instance, at a pressure of less than 1,000 
psi, it is possible to bring about a solu- 
tion of around 500 volumes of a CO,C,H, 
mixture in one volume of crude oil, equiv- 
alent to around 2,800 cubic feet of the 
mixture in one barrel of stock-tank crude, 
this amount of gas in solution could be 
expected to approximately double the 
volume of the crude as it may have ex- 
isted in a reservoir depleted of its orig- 
inal natural pressure. In addition, the 
solution of this amount of gas could be 
expected to decrease the viscosity of the 
oil to less: than 10 percent of the viscosity 
of the dead crude oil. It is indicated, there- 
fore, that) by mixing carbon dioxide with 
light hydrocarbon gases the same effects 
can be produced at from a quarter to a 
third of the pressure required for the high 
pressure gas injection process and with- 
out the need for appreciable quantities of 
intermediate boiling range hydrocarbons. 

Techniques and methods that have been 
discussed! or proposed in preceding sec- 
tions of this paper will serve to increase 
the efficiency of oil recovery processes be- 
cause they will improve the mobility 
ratio. Other methods for improving oil 
recovery that have been receiving a great 
deal of attention in the past few years 
have been directed to a reduction in capil- 
lary pressure in the more minute pore 
openings of reservoir rocks by reduction 
of interfacial tension between the liquid 
phase, and to an alteration of the inter- 
facial tension between the liquid phases 
and the solid, thus affecting the prefer- 
ential wettability of the solid surface to 
either oil or water. The two chemical 
methods which have been applied recently 
with encouraging and in some instances 
quite positive results are the Orco process 
and the application of the Orchem com- 
binations of various Armour surface ac- 
tive chemicals. The details of these 
methods and some of the results that 
have been obtained by their application 
have been discussed adequately by James 
W. Martin"™."*, and by the writer** and 
his colleagues'*, and need not be repeated. 
There are, however, some additional infor- 
mation that is not contained in these 
papers that is deserving of brief review. 

Expansion of application of the Oreo 
process was curtailed seriously by an un- 
favorable report from the laboratory of 
the Pennsylvania Grade Crude Oil Asso 
ciation which was presented at the 
Fifteenth! Technical Conference on Petro- 
leum Production at State College, Penn- 
sylvania, October, 1951. The negative re- 
sults reported in this paper were based 
on tests performed on only three sand 
samples. One of the samples was obtained 
from an outcrop of a sandstone that con- 
tained no natural oil saturation. The other 
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twe were from the Venango sand series 


higher recovery of oi] than plain water 
alone. The results of the more recent 
tests were a0 favorable that a large scale 
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of the criticism that has been 
to the 
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based on a lack of complete understanding 
of the mechanism of the process, which 
Martin* and the writer*> have admitted 
Fepeatedly. The fact that the nature of 
hydrocarben compounds, whether it be 
physical or chemical, is not known com- 
pletely is not astonirhing. Each year, 
under the influence of ar energy, plants 
ayuthesize their cor ex organic con- 


Oreo process seems to be’ 
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the discovery and yelopment of tne 
Oreo process are conscious of the 
fact that it cannot be applied with equal 
measures of success in aj] fields; also, 
that its application will be limited in some 
cases by economic factors as well as by 
unfavorable reservoir conditions. Never- 
theless, the evidence available at this time 
indicates impressively’ that the Orco 
process has reached a stage of develop- 
ment that should enable it to play an 
important part in improving the efficiency 
and economy of recovery in many of the 
world’s oil fields. 

Many of the uses for surface active 
chemicals for the improvement of re- 
covery or to increase the efficiency of oil 
production that were suggested by the 
writer at the 1951 Annual Meeting of 
the American Petroleum Institute are now 
realities. Synergetic use of two or more 
surface active chemicals has proved to 
be far more effective than the use of 


single compounds or more than one com- - 


pound in succession. Such combinations 
of non-ionic compounds or non-ionic and 
cationic compounds have proved to be 
effective in field tests as bactericides and 
corrosion inhibitors, to control the hydra- 
tion of clay minerals, to increase effective 
permeability to water, and in laboratory 
tests to increase the recovery of oil. The 
evidence so far developed shows convinc- 
ingly that the most effective application 
of surface active chemicals wil] be during 
the initial stage of water injection. Also, 
the evidence is indicative, although not 
positively conclusive, that non-ionic com- 
pounds are most effective in releasing oil 
from hydrophobic surfaces. Laboratory 
work on reservoir material believed to 
possess hydrophilic tendencies has re- 
sulted in little or no increase in oil re- 
covery. 

It is becoming more and more evident 
that the non-ionic compounds, which do 
not ionize in water solution and which 
are soluble in water because of their un- 
ionized polar groupe, are the most effec- 
tive in lowering the interfacial tension 
between oil and water and in altering the 
interfacial tension between the liquid 
phases and the solid surface of the 
reservoir. The chromatography or adsorp- 
tion-desorption phenomena of the non- 
jonic compounds is receiving intensive 
study at the University of Texas. This 
work is not sufficiently advanced to pro- 
vide any quantitative results. However, 
field results and qualitative laboratory 


“tests indicate quite impressively that cer- 


tain of the Armour non-ionic compounds 
are not adsorbed permanently but do come 
through the reservoir from water input 
wells to producing wells with little loss in 
concentration other than the dilution that 
is inevitable from the water that is al- 
ready present in the reservoir. 

As indicated previously, combinations 
of surface active chemicals are proving 
to be far more effective and economical 
than single compounds alone. The reasons 
for this synergetic action are not entirely 













understood, although it 1s known that 
some of the non-ionic compounds have 
much greater effect on liquid interfaces 
and others have much greater effect on 
the interfaces between the liquids and the 
solid. Many of these remarkable surface 
active chemicals are only recently avail- 
able in more than laboratory test quanti- 
ties, and only a few years ago they aere 
little more than ideas in .the minds of 
brilliant and resourceful chemists. Thus, 
it is obvious that we have much to learn 
about their practical application and their 
field performance. Nevertheless, they do 
have tremendous promise, and along with 
the Orco process it is believed that their 
application will have a very profound in- 
fluence on future oil recovery practice. 
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[Mail Division May 7, 1953] 
IN THE UNITED STATES PATENT OFFICE 


In re application of 

James W. Martin et al; for 
Recovery of Hydrocarbons 
Filed June 30, 1949 
Serial No. 102, 306 


AFFIDAVIT OF IRVING P. HAMMER 
State of New Jersey: 


County of Essex ~* iid 


Irving P. Hammer, being duly sworn, deposes and says that he is 
one of the applicants in the above entitled application and that he is 
familiar with the disclosures in said application and with the prior art 
cited therein; that he is a graduate chemist and has been engaged fora 
number of years professionally as a research chemist and is so engaged 
at the present time; his research for some years has been directed to the 
investigation and development of methods of recovery of hydrocarbons 
from the earth by the utilization of carbon dioxide and comparison of the 
effect of carbon dioxide in such recovery operations with the effect of 
other fluids; that the work reported on such recovery operations in the 
application aforesaid is all work with which he is personally familar as 
having been done by him personally or closely followed and witnessed by 
him; | 

That the work carried out has shown that the ase of carbon dioxide 
under pressures of at least about 600 p.s.i. in recovery of hydrocarbons 
from the earth is critically different from carbon dioxide at pressures 
below that critical value and critically different from all other fluids 
examined, regardless of pressures used with the latter, in that pheno- 
menally greater recoveries of such hydrocarbons result from the use of 
carbon dioxide at pressures of at least about 600 p.s.i. than from any 
other fluid; that for such critical results to be obtained with carbon 
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dioxide it must be employed at minimum pressures of the order stated 


above e.g. at carbon dioxide partial pressures of at least about 600 
Db. 8.1. % 

That the data given on page 28 of the aforesaid application is 
correct within his own personal knowledge showing that at 600 to 650 
p.S.i. the recovery of hydrocarbons by CO» was far greater than with 
nitrogen, methane or air all comparative work being carried out under 
identical conditions as to temperatures, pressure, nature of hydro- 
carbon source treated, etc. the only difference in any individual given 
comparative work being in the fluid used; 

That as shown on page 28, in the first paragraph thereof at 950- 
1000 p.s.i. at which carbon dioxide recovery reaches a maximum, the 
recovery is from about 85 to 90% whereas under identical conditions 
for methane it is 62% and for nitrogen 51%; 

That in the last paragraph on page 28, the data there given is 
correct and that under identical conditions, carbon dioxide gave oil 

recoveries at 600 p.s.i. of 59.8% rising at 810 p.s.i. to 74.1%; 
while the comparable figures for nitrogen were 32.8% and 17.1%; for 
methane 46.7% and 40.5%; for air 39.2% and 23.4%; 

That results comparable with these have been noted repeatedly in 
experimental work showing that not only is CO5 critically different in its 
action from other fluids but that minimum pressures of COg of at least 
about 600 p.s.i. are critically different from any lower pressures for 
CO» and from any pressures lower or higher than 600 p.s.i. with 
fluids other than CO9; 

. That from the said investigative work which he has carried on for 
years, the results obtained are peculiar to COs at the stated minimum 
pressures; that the recoveries of hydrocarbons from the earth by CO» 
at said critical pressures was wholly unexpected; that none of the prior 
art suggested nor foreshadowed such phenomenal recoveries; 

That the critical results obtained by carbon dioxide can not be 
explained nor expected merely on the basis of increased solubility of 
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COg in hydrocarbon oil at the pressures stated because with a hydro- 
carbon gas such as ethane whose solubility in hydrocarbon oils in- 
creases very substantially with increasing pressures, the criticality 
observed with COg has not been observed with the stated hydrocarbon 
gas proving conclusively that carbon dioxide is a and its action 





unpredictable; 

That as stated above the critical action exhibited by carbon 
dioxide is obtainable at pressures only of at least about 600 p.s.i.; that 
COs at rock pressures of 600 p.s.i. in a borehole, or at pressures 
sufficiently above such rock pressures to enable passage of COg into 

94 the formation, will not give the critical results referred to above 
because in such cases the COg is not above the mim imum critical 
pressure of 600 p.s.i. of COg e.g. a partial pressure of COg above 
600 p.s.i.; | 

That for these reasons such patents as Spindler No. 1, 826, 371 
did not and could not obtain the critical results referred to above because 
his disclosure refers to the use of gases at rock pressures of 100 to 500 
lbs. or higher" e.g. "initial pressures" (page 4 col. 1 lines 26 to 32) 
and theorder of pressures used by him was as an average "150 lbs." 
causing "the oil to flow outwardly" etc. e.g. the pressure used is just 
enough above rock pressure to enable the gas to enter the formation; 
nothing more than this is disclosed nor contemplated; and the Spindler 
disclosure is eloquent that he had nothing critical because air, CO9, 
natural gas, other fragment of petroleum and in fact any compressible 
fluid gave him the same results, e.g. there was no criticality; 

That exactly similar considerations apply to the Russell patents 
who used relatively low pressures since in 1,511, 607 air was used to 
form bubbles, e.g. it was used slightly above the hydrostatic pressure; 
and Russell 1, 658, 305 points out he is working in wells where rock 

e pressure has declined (page 1 col. 2 line 81) by bubbling in air through 

‘ 7 flood water, which would obviously be at pressure but Slightly above 


the atmospheric pressure or hydrostatic pressure; all gases are 
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equivalent to him, there being no criticality; and not the remotest 
Suggestion of pressures of the order of 600 p.s.i. with anything; 

That Squires fails for identical reasons and further because the 
combustion gas disclosed by him is very low in COg content, the per- 
cent of COs in such gases being ‘so low that no matter the pressures at 
which the combustion gas is used, COg at pressures of at least 600 p.s.i. 
of COg could not be obtained; 

For which reason it is shown that COs is unique in oil recovery 
from the earth, minimum pressures of about 600 p.s.i. of COs per se 
are critical in such operations, and the results obtained with CO» are 
not only unpredictable but cannot be obtained with any other fluid. 

/s/ Irving P. Hammer 
[JURAT] 


[Mail Division May 7, 1953] 
IN THE UNITED STATES PATENT OFFICE 


In re application of 

James W. Martin et al; for 
Recovery of Hydrocarbons 
Filed June 30, 1949 
Serial No. 102, 306 


AFFIDAVIT OF JAMES W. MARTIN 
State of New York 


County of Westchester — 


James W. Martin, being duly sworn, deposes and says he is one 
of the applicants in the above entitled application and is fully advised 
of the said application, its disclosure, and the prior art cited therein; 

That affiant is a graduate from the University of Virginia and has 
been extensively employed in chemical and engineering fields for many 
years including chemist, Foreman of Acid Plant, etc., Asst. Chief 
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Chemist Carney's Point Powder Plant, etc. for the DuPont Co.; 
Superintendent of Nitric Acid Plant and of Phenol Plant, etc. for Tenn. 
Copper Co., Liaison officer with British, later with French, in Manu- 

97 facture of Chemicals and Explosives in First World War; Research 
Engineer on carbon etc., Union carbide and Carbon Corp. ; Chief 
Engineer for Dry Ice Corp., later in charge of Production and Sales 
Departments; Consulting Engineer, Design and Construction of Carbon 
dioxide Plants and Development of Uses for Carbon Dioxide; during 
World War II, Engineering manager of Construction Force at Pine Bluffs 
Arsenal, Arkansas (a 60 million dollar Chemical Plant); etc; Consulting 
Engineer to Carbon Dioxide field, Vice-President-Engineering, Oil Re- 
covery Corporation; co-author of book "Chemistry in Warfare" and of 
numerous technical articles on manufacture and use of carbon dioxide; 
patentee in numerous patents; and member of a number of Technical and 
Engineering Societies; | 

That he has been one of the engineers who has been directly 
concerned with the development of the ORCO process for increasing 
recovery of hydrocarbons from the earth as particularly described in 
the above entitled application, and with field tests which have been carried 
out and are being conducted on an ever increasing scale in evaluating 
the results which can be obtained by the aforesaid ORCO process; 

That he is the author of the article in The Oil and Gas Journal of 
December 13, 1951, reporting "Field Data on Operation of ORCO Process 
near Richburg, N. Y. " a copy of which article is attached hereto; that 
the data given in said article is correct within his own knowledge; that 

98 in said tests, the effective pressure of the CO» introduced was 
more than about 600 p.s.i.; that the tests were actually carried out as 
described in said article; and the results there reported are correctly 
given; : 

That as pointed out on the last page of that article, a number of 

unexpected and unpredictable results were obtained among which may be 


noted; 
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First, in an area that had been considered prior to the ORCO Treatment 
to be "watered out" even below its economic limit, there was obtained 
by the ORCO test treatment 1045 bbl. of oil per acre per year as com- 
pared with 92 bbl. of oil per acre per year before such treatment, an 
increase of over 1000%; 
Second, the reservoir engineers reported that additional recovery of oil 
thus made possible by the ORCO process cannot be explained by the 
swelling effect of the carbon dioxide dissolved in oil but must be due to 
some other factors; and affiant himself on his personal development work 
in this process affirms that same view; 
Third, that about 80% of the injected carbon dioxide is recoverable; 
That, the nature of products recovered showed that the ORCO 
process markedly differed from prior art processes, since 
Fourth, organic acids were frequently found in the produced water during 
the ORCO test but none are found in nearby areas not treated with CO9; 
Fifth, that unexpectedly large quantities of hydrocarbon gases were pro- 
duced which showed unique character in 
(a) surprising absence of any substantial amounts of methane; 
(b) the presence of significant amounts of unsaturates which 
increased from zero when no carbon dioxide was present, 
to a maximum of 20 to 23% in the hydrocarbon fraction at 
the peak of gas production; 
(c) the presence of substantial amounts of butylenes and 
and pentylenes in the gases. 
That these results are wholly unexpected and unpredictable; that 
by the ORCO method of using carbon dioxide at effective pressures of at 
least about 600 p.s.i., critically different results and increased yields 


are obtained beyond anything possible with other fluids under comparable 


tests, at any pressures and even with carbon dioxide at pressures below 
about 600 p.s.i.; 

That he is personally familiar with the data and results of the 
article in the January, 1951 issue of Producers Mamthly, copy attached 
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hereto, and affirms those data and results, particularly pointing out 
that | 

A. Results to date indicate the possibility of recovery by the 
ORCO process, of more than two thirds of the oil now left in 

the ground in some areas; : 

B. The first field test proved that the ORCO process can recover 
more oil than is possible by any other known method; 

100 C. Corrosion, unexpectedly has been found not to be a serious 


problem; 






D. Most of the carbon dioxide can be recovered, re-cycled, and 





re-used. 






The history of the reception accorded to the ORCO process is Signi- 





ficant in showing that the results obtained therewith were wholly unex- 






pected and unpredictable; thus, in an article by Kenneth B. Barnes in 
The Oil and Gas Journal, for November 1, 1951 entitled "Fizz Water 
Fizzles", copy attached hereto, the skepticism of the industry was well 








illustrated in the unfavorable report published based on tests carried out 







by Saxon, Breston and Macfarlane of Pennsylvania Grade Crude Oil 
Association, Bradford, Pennsylvania; | 






Yet, just one year later, the same author reporting in the same 






journal, completely back-tracked and about-faced in an article (copy 






attached) entitled "Coo Flood Recommended" based on work of Breston 





and others for the Penn Grade Association group, (responsible for the 






first report); it should be noted that this group is wholly independent 
of ORCO and its associates but their conclusions and recommendations 






are so noteworthy that we quote in brief the following: 
"""* We have determined to our satisfaction that carbon dioxide 







will recover additional oil from core samples when used in the 





flood water of either secondary or tertiary recovery operations. 
We have also determined that it works better than any other water- 







flood or gas-drive recovery method tested in our laboratory. ' 


EXHIBIT NO. 3 156 


These new and favorable COs tests are in direct contrast 
with those reported by the same laboratory at the same Penn 
State gathering a year ago. Then, preliminary test data on only 
one long core test each of Bradford and Venango sands indicated 
that carbonated water had no advantage in recovering oil (The 
Oil and Gas Journal, November 1, 1951, page 29). 
"Field trial recommended. . . The more recent laboratory | 
work was much more extensive and reversed the indications of the «3 
preliminary tests. They are so favorable, in fact, that Breston ) 
recommended trial in an actual water flood in the field. He said: " 
‘The data on fresh core samples show that an average of 31.7 
per cent of the oil in place after thorough water flooding can be 
recovered by carbonated water flooding. The extremes were as 
low as 19.5 per cent and as high as 47.4 per cent for groups of | 
core samples from any particular well. “ 
"If the sand has not been water flooded thoroughly the recovery 
might be a little higher, or about 34 per cent. Of course, these 
figures are all based on the assumption that full carbonation of the 
reservoir fluids will be attained, that is, at least 720 p.s.i.g. 
carbonation pressure. * *" 
| The affiant avers that based on his own investigations and research, 
the favorable results reported in the last named article can be affirmed; 
That the results to date with the ORCO process have proved so “¥ 
revolutionary in increasing oil recoveries from the earth that extensive 
field work is increasing with some three further field investigations on 
full scale being carried forward today with other such operations about ii 
to begin. . 
/s/ James W. Martin 
[JURAT ] 
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Fig. 2—Weater production of test five-spot. 


Field tests on Knight farm of Bradley Producing 
Corp. result in increased oil and gas production 
by injection of carbon dioxide and plain water 


(HE Knight farm, a Bradley Produc- 
ing mag Dog cay due west = 


prolific pro- 
duction history which indicated high 
residual-oil saturstions after wzter 


3. The proper has been subjected 
to a continuous » ater flood for about 
15 years and is considered “watered 
out” even below its economic limit. 

4 Two almost new wells were avail- 
able for a half-acre test five-spot and 

‘two sets of cores had been recently 


$. area is easily accessible by 
a good paved road running through 

the property. 
The data given here are compiled 
from the records kept during the test 
When in this report, interpre- 
tations of the test data are given. 
represent those views in which 
i substantial concurrence 


is 
among the observers of the test and 





ducing companies and representatives 
of 2 independent firms of reservoir 
engineers. The statements regarding 
the phenomena observed during the 
test are based on work done in part 
by the above groups, and by an in- 
dependent research laboratory with a 
considerable background in the oil 
industry. 

Wells on the lease on which the 
test was made had been pumped for 
many years but within the last year 
or two, prior to the test, oil prcduc- 
tion had diminished to a point where 
pumping was no longer profitable and 
the wells were flowed. Water was in- 
jected at from 600 to 1,000 psi. top- 
hole pressure. Wells within a radius 
of 400 ft. surrounding the test area. 
approximately 8 acres containing 
eight wells, showed a production rate 
for the period of flowing. just prior 
to the test, of approximately 740 bbl. 
per year, or 92 bbl. per well per 
year. 

The test area was a five-spot con- 
sisting of four injection wells and a 
centrally located production well. The 
area of the five-spot was approxi- 
mately 0.45 acre and the distance b¢- 
tween injection wells and production 
well was about 100 ft. The sand is 
about 42 ft. in thickness. varies in 
air permeability from 1 to 98 md. 
(average 14 md.), has an average po- 
rosity of 15 per cent. and an average 
oil saturation of 33 per cent. Depth 
of sand was below 1.100 ft. and bot- 


4 
ras 


, 
- 







tom-hole pressure of producer was 
400 to 500 psi. 
On September 12, 1949, carbon di- 


oxide injection was begun. This car- 


bon dioxide was obtained from pres- 
sure cylinders in which dry ice had 
been placed and permitted to sublime 
into carbon dioxide gas or melt into 
liquid carbon dioxide. Inasmuch as 
the sand near the injection well was 
known to contain sufficient water and 
oil readily to dissolve the amount of 
carbon dioxide injected, the greater 
part of the carbon dioxide was in- 
jected continuously for 21 days. In 
the latter stages of the injection. 
however, carbon dioxide was inject- 
ed during the daylight hours and 
water was injected at night. This pro- 
cedure continued for 34 days. The 
total amount of carbon dioxide in- 
jected was 369.6 tons. Under existing 
conditions approximately one-fourth, 
or 92 tons, should have entered the 
0.45-acre test area. 

Following the injection of carbon 
dioxide, plain water was introduced 
into the four injection wells at around 
1,000 psi. This injection of water was 
continued during the 2 vears of the 
test. 

Charts showing the monthly pro- 
duction data for the 2-year period of 
September 1949 to September 1951 
have been prepared and cover the fol- 
lowing steps: 

Oil production.—Fig. 1 indicates 
that the production well drilled in an 
area that had normally been produc- 
ing about '« bbl. of oil per day had. 
within 1 month after the start of 
carbon dioxide injection. surpassed 
this average oil production. Within 4 
months it had reached a peak 5-day 
average production of 2.57 bbl. per 
day and from this peak the produc- 
tion has declined in the characterist:c 
water-flood decline curve to a pro- 
duction in September 1951 of 0.35 bb:. 
Beca of the short spacing of in- 
jection and production wells the de- 
cline curve is much foreshortened. 
The total amount of oil obtained from 
the producing well during the first 
2 years of the test was 637 tbl. 


BEST COPY A 
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Water production.—This rose sharp- 
ty during the first 2 months of the 
test period and then tended to leve! 
off for almost a year. (See Fig. 2.) 
Since that time water production has 
declined and is. at the end of the 
2-year period, less than one-half of 
the peak production. 

Water-production data are erratic 
during the second year due, in part. 
to an attempt to selectively plug off 
some of the more permeable strata 
which were found to have been car- 
rying a large share of the water 
throughput. 

Water-oil ratio.—Initially between 
120 and 130. this has declined in in- 
verse proportion to the production of 
vil (see Fig. 3). The water-oul rato 
reached a monthly average of 51 with- 
in 4 months after the injection of the 
carbon dioxide had started and then 


WATER - OIL RATIO 


1950 


Fig. 3—Produced water-cil ratio, Well 98. 
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increased. The | ot in Fig. 3 is alow 
erratic during the period in which 
attempts at selective plugging were 
being made. During most of the test 
period the water-oil ratio was lower 
than what it was at the beginning «: 
at the end of the test. 

Production of tota] gas.—This (pvtr. 
carbon dioxide and hydrocarbon 
gases) rose to a peak at about 3 
months subsequent to the peak of 
production of oil and from this peak 
has declined rapidly as indicated by 
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Fig. 4—Estimated production of tata! gas. test fiveapet. 


. 5—Estimated production of total CO. gas ond CO. gas carried Fig. 7—Averoye water intake per well. test 
of in solution. test five-spot. 
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rapidly until April of 1950 when a 
monthly 4verage production of 3,250 
cu. ft. per day v’as reached. From 
this peak of production the volume 
of carbon dioxide has dropped until 
at the end of the 2-year period it was 
about 210 cu. ft. per day. 

Also it can be seen from Fig. 5 that 
a relatively small amount of carbon 
dioxide remained in the water even 


after it emerged from the production. 


well. 

The total carbon dioxide produced 
during the 2 years of the test amount- 
ed to about 65 tons. All of this was 
suitable for reuse. 

Production of natural gas.—Alonz 
with the carbon dioxide there was 
produced a substantial amount of hy- 
drocarbon gases. The production of 
hydrocarbon gases rose to a peak 7 
months later than the peak of oil pro- 
duction and 4 months later than the 
peak of carbon dioxide production. 
Having reached the monthly average 
production of approximately 500 cu. 
ft. per day in August 1950, it has, by 
September 1, 1951, declined to ap- 
proximately 150 cu. ft. per day (see 
Fig. 6). 

Water injectivity.— From Fig. 7, 
showing the average water intake per 
well, it can be seen that although 
well-head pressure remained constant 
over most of the period, the average 
water injection rose from approxi- 
mately 60 bbl. per day to a peak of 
90 bbl. per day. This peak correspond- 
ed approximately with the peak of 
oil production. Injectivity of the 
wells remained well above the ini- 
tial injectivity for the greater part 
of the test period, but at the end of 
the period had declined to around 40 
bbl. per day. During the latter part 
of this period injectivity was sub- 
stantially modified by the injection of 
a selective r'ugging agent. 

During * early part of August 
1950, just or to the middle of the 
test period) an observation well (Well 
No. 99) was drilled halfway between 
one of the water-input wells and the 
production well. This well was drilled 
(but not shot) and was tested by 
stages through the oil sand. Data ob- 
tained from this observation well are 
summarized in the accompanying 
table. 


A. 160 


From the table it would appear that 
the carbon dioxide at this time had 
completed its action on the upper 10 
ft. of sand (Zone 1). This assumption 
is based on the high permeability of 
the sand in this section coupled with 
the absence of carbon dioxide and the 
lack of any additional oil production. 
The other three zones (2, 3, and 4) 
show various stages of progress in the 
passage of the carbon dioxide. 

The significance of some of the pro- 
duction data obtained may he sum- 
marized as follows: 


year imate his boca pestuene. in 1 year, 
470 bb}. of off and in 2 years. 637 bbl. On 
a@ per acre basis these figures are 92. 1.045. 


2. The amount of carbon dioxide that en- 
tered the test-area five-spot was estimated 
at 82 tons. When allowance has been made 
for certain known leakage. the net amount 
of carbon dioxide that actually entered the 
test area was probably Jess than 80 tons. 
This amount of carbon dioxide would be 
sufficient to have saturated between 10 and 
15 per cent of the water and oi] in the oil 
sand within the test area. When the radial 
flow pattern ts considered this probably 
means that the total liquids of the oil sand 
were carbonated to between 10 and 15 per 
cent of their full: carbon dioxide satura- 
tion point. 


The proportion of gas tu Iquids in the 
produced fluids was at no time greater than 
that required to only partially saturate the 
liquids. The conclusion is warranted that 
all gas in the oi] sand was tn solution in 
the liquids and was released in the pro- 
ducing well. None passed through the sand 
in the gas phase. | 

3. Within the 2 years of the test penod 
approximately 65 tofis of carbon dioxide 
(say 80 per cent of that injected) has been 
recovered in a condition suitable for re- 
cycling. 

4. In a careful analysis made by some of 
the reservoir engineers who had followed 
this test it was concluded that after con- 
sidering the amount of carbon dioxide used 
and deducting the amount of oi] produc- 
tion that could be attributed to the in- 
creased water throughput. there still was 
an ot] production almost double what could 
nave been brought about by increase in 
formation volume. They reported that the 
additional recovery obtained in this test of 
the process cannot be explained by the 
swelling effect of the carbon dioxide dis- 
solved in of] but must be due to some other 
factors. 

$. The input capacity of the four five- 
spot input wells has been substantially in- 
creased and the increase maintained for a 
period of about 1 year. The magnitude of 
the increase is approximately 50 per cent. 
The input capacity of two old wells, which 
were treated with relatively small quanti- 
ties of carbon dioxide (recovered from the 
five-spot producing well) has been prac- 
tically doubled and the increase has been 
maintained for severa] months. 

6. As can be noted from the data ob- 
tained from the observation well. little :f 





any, carbon dioxide remains behind in the 
looser zones from which the carbon diox- 
ide had already passed at about the mid- 
point of the test period. 

7. The application of the Orco process 
produced no corrosion prodlems. 

Phenomena observed.—In addition 
to the production data several phe- 
nomena were observed during this 
test. Among these are: 

1. Frequent qualitative tests showed the 
presence of organic acids in the produced 
water during the test. None was found in 
produced water in nearby areas not treat- 
ed with carbon dioxide. It has been re- 
ported that condensate well fluids show 
presence of organic acids when carbon di- 
oxide 1s present and that the organic acids 
occurring in condensate wells are the low- 
er fatty acids, probably propionic acid, etc. 

2. During the first 4 months of the test 
period there was brought to the surface. 
with the produced water. upward to about 
a ton of barium sulfate. The normark amount 
of barium sulfate produced on this Jease 
consisted of small amounts of what 1 
termed “gyp" and in encrustations on the 
barrels of well pumps. 

3. Orsat analyses of the hydrocarbon 
fraction of produced gases showed a pro- 
portion of sulfuric acid-soluble constituents 
that increased and diminished as the test 

lead Even after deducting from this 
acid-soluble constituent that portion repre- 
senting certain of the heavier hydrocarbons 
which might be acid soluble. there re- 
mained a portion which could scarcely be 
accounted for other than as unsaturated 
hydrocarbons. 

As judged from frequent Orsat determi- 
mations the portion of produced gas be- 
lieved to be unsaturates increased from 
zero in the gases when no carbon dioxide 
was present, to a maximum of 2 to 3 
per Gent unsaturates in the hydrocarbon 
fraction at the peak of gas production; 
dropped to 4 or 5 per cent in August 1951: 
and to zero unssturates again in samples 
taken in October 1951. Mass spectrographic 
analysis was unodtainable unti! August 
1951, when the unsaturates were found, by 
the laboratory of a large oil producer, to 
total 3.5 per cent of the hydrocarbons pres- 
ent (mostly butylenes and pentylenes) and 
in October, a similar type of analysis by the 
Bureau of Mines showed the absence of 


contained & per cent carbon dioxide. 
showed that 75 per cent of the hydrocar- 
bon fraction were butylenes and 2.4 per 
cent were pentylenes. 


gas is produced with the oil. The gas con- 
tent of the oi] ts stated to be about W 
ft. per barrel. As indicated by Fig. 6 
production of hydrocarbon gases rose 
peak of 300 cu. ft."day and over 

‘period of the test amounted to about 300,000 
cu. ft. ie eee tee Se ee ee 
barrel of of] produced. Not only was 
unexpected amount of hydrocarbon ae 
produced, but these gases showed a sur- 
prising absence of any substantial amounts 
of methane. Further it may be significant 
that carbon monoxide was found in amounts 


ek ae 
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New Oil Recovery Process 
Indicates “Third Crop” 


Editor's Note: The information contained in this article is based on 
data obtained from George Holbrook of the Bradley Producing Corpora- 
tion, Wellsville, N. ¥.. and James Bentiey of the Oil Recovery Corporation, |} 


New York, N. Y. This is the first indication of possible practical applica- 
tion of the experiments being conducted by the Bradley Producing 


Corpceration using carbon dioxide in the flooding operation. 


Supposedly exhausted oil fields may be 
producing oi] again, due to a new process 
‘covered by several patent applications 
‘and known as the Orco Process by which 
‘a “third crop” of oil can be obtained. In- 
vented by an engineer with many years 
of experience in carbon dioxide chemistry 
tne Orco Process after a long period of 
research consists essentially of treating 
oil] sands with this cheap and common 
gas. 

Eminent petroleum engineers have ex- 
pressed the opinion that the Orco Process 
gives promise of greatly increasing the 
recoverable petroleum reserves and low- 
ering the cost of recovery. 


Indicates Possible Recovery 


Results to date indicate the possibility 
‘of recovering more than two-thirds of 
the oi] which is now left in the ground 
in some areas. Laboratory work on many 
types of cores taken from Penn Grade 
‘and Mid-Continent fields has shown that 
‘after treatment with the Orco Process 
‘Jess than 10% of pore volume of residual 
: Oi) is left. 

In the past there have been unsuccess- 
‘ful efforts by others tw employs carbon 
dioxide in the recovery of oi]. The success 
of the Orco Process rests largely on the 
‘commercial utilization of previously un- 
known characteristics of carbon dioxide. 
: Under the operating methods covered by 
the Orco Process carbon dioxide or car- 
bonated water modifies the condition of 
/many oil sands so that the oil is more 
‘readily recoverable than by present wa- 
ter-flood procedures. This process does 
not utilize carbon dioxide for the purpose 
of re-pressuring the reservoir. Fortunate- 
‘ly, the temperature and pressure rela- 
‘tions under which carbon dioxide gives 
‘ these favorable results are those common 
‘to most water-flood secondary recovery 
projects. 


Using carbonated water combined with 
an efficient cheap adjuvant under the 
controlled conditisns of the Orco Process 
on cores taken from Mid-Continent 
nisid:. the fcllowing averages show the 
.arse amount of additional oil recovered: 


Resedusl Out 
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After treatment by the Orco Process 
core: taken from the Penn Grade area 
also showed oil residuals as low as the 
above. 


Field Tests 


Field tests are under way in the Penn 
Grade area by The Bradley Producing 
Corporation of Wellsville. New York. A 
field test in the Mid-Continent area ts 
now being started by a large producer. 
These ccmpames are collaborating with 
the owners of the process in adapting it 
to practical field usage. 

The first field test has already proved 
that mre oi] has beer recovered than 
would have been possible by any other 
known method. Corrosion. which it was 
thcught might be a hazard. has been 
found not to be a serious problem. it has 
also been proved that most of the carbon 
dioxide can be recovered. re-cycled. and 
re-used. 

Labcratcry work ts continuing on fur- 
ther improvements and developments in 
the process. It appears that the problems 
of pracucal field application are being 
natisfactcrily solved so as to enable its 
Nse commercially. 


It is expected! that the fundamental 
principles of the; Orco Process may also 
ce used to advantage im certain cases as 
an aid to primary recovery and as an aid 
to other methods of secondary recovery. 


Development of Process 


The original patent application cover- 
ing the Orco Process were made several 
years ago by James W. Martin. a consult- 
ing engineer. who has specialized in car- 
bin dioxide chemistry for more than 
twenty years. Montclair Research Corpo- 
ration and Ellis-Poster Company of 
Montclair. New Jersey. have done much 
of the laboratory research and develop- 


After the laboratory work was so 
couraging. Oil Recovery Corpora 
Lexington Avenue, New Y is 
organized especially to take 
patent situation and develop this process 


White. Weld & Co.: B. C. Schmidt and 
J. K. Schemmer of J. H. Whitney & Ca: 
Henry Sears and Charles E. Saltzman of 
Henry Sears & Co.: William Zeckendorf 
of Webb & Knapp. Inc.: and James A. 
Bentley. Management Consuttant. 


When the Orco Process is ready for 
general use it is intended that Oi] Re- 
covery Corporation will make it available 
to the industry on a reasonable fee and 
license basis. 


This reprint from the January, 1951, issue cf Producers Monthly, Vol 15, No. 3, Page 6 
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ef the occasion. is agents may produce 
ee ean interfacial ten- 
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» can recover oil from sands of other sirable, but its importance apperent- greater would be the recovered oil. 
pools there is reason to believe that ly differs between water-wet and oil- In effect. the free gas is substituted 

e wetting agents will work in other wet systems. In oil-wet systems, to for the residual oi] which normally 
oil helds just as well, or even better. which a good portion of the reviewed stays in the| oil sand after flooding 

a The wetting agents did not notice- data apply. the lowering of residual 1s completed 
vbly change the injection behavior | 
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TECHNOLOGY 


CO: Flood Recommended 


Results of research work justify field trial of novel 
secondary - recovery method, Penn State conference told 


cover kdditional oi! from core sam- 


that it works better than any other 
water-flood or gas-drive recovery meth- 
od tested in our laboratory.” 

| These new and favorable CO: tests 
‘are in direct contrast with thos re- 
ported by the same laboratory at the 
‘same Penn State gathering a year ago. 
Then, preliminary tet data on only one 
lung core test each of Bradford and 
‘Venango sands indicated that carbon- 
‘ated water had no advantage in recov- 
ering off (The Oil und Gas Journal. 
‘November 1, 1981. page 29). 


Field trial recemancaded . . . The more 
‘recent lahoratory work was much more 
lextensive and reversed the indications of 
‘the preliminary tests. They are 10 fa- 
‘vorable, in fact, that Bresion recom- 
imended trial in an actual water flood 
in the field. He said: 
| “The data on fresh core samples 
‘show that an average of 31.7 per cent 
of the oil in place after thorough water 
‘flooding can be recovered by carhon- 
‘ated water flooding. The extremes were 
low as 19.5 per cent and as high a» 


son that full carbona- 


. Gon of the reservoir fluids will be at- 
hat 


tained, t 
bonation pressure. 

“Data from these experiments indi- 
cate that except for some additional in- 
vestigations into the use of adjuvants, 


i, at beast 720 psig. car- 


resaturated samples, and a long core of 
oil sand were flooded with carbonated 
water after depletion by brine floods, 
all produced an appreciable amount of 
additional oil. 

«++ Ie fiseding core samples with 
carbonated water, a higher percentage 
of carbonation resulted in greater oil 


recovery. 
ose She of produced from the core 
by carbonated water flooding 
was always expanded. due to the dis- 
solved carbon dioxide. 

e+. Actual eff production was usuzl- 
ly greater than that which can be ex- 
plained on a basis of oil volume ex- 
pansion. 

--- Resaturated samples responded 
to carbonated water flooding as well 
as or better than the samples did when 
they contained their original reservoir 
fluids. 

eo. Fleediag of fresh core samples 
with liquid carbon dioxide resulted in 
a considerable reduction in oil satura- 
tion. Recovery could be obtained with 
liquid carbon dioxide even after the 
sam had been flooded previously 
with carbonated water. 

... Pleeding a leng core (Venango 
sand) with carhonated water after de- 
piction by frevh water flooding alo re- 
sulted in a reduction in oil saturation. 

-+. During a carboanted water flood 
on the bong core. only 7 per cent of 
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the carbon dioxide gas could not he ac- 
counted for by carbon dioxide dr- 
solved in the produced fluids or in the 
fluids in the | core. 


Conctmiens ... Some of the important 
conclusions arrived at as a result ot 
the research work were these: 

--- Respoase to carbeounted water 
flooding is adversely affected by age wt 


with brine in the laboratory does mt 


eee The 


average of 82 pore volumes of carbon- 
ated water for' ultimate recovery. 


. , 

Oil by "Shock"? 
Electric current through 
sands may raise output 

STATE COLLEGE, Pa.—Future pos- 
sibilities of increasing od produc- 

tion by passing electric currents through 

the oil sand may be envisioned from ex- 
periments at the Petroleum and Nat- 
ural Gas Department of Penn State 

C . 

Prof. C. M. Davis told the college's 

Technical Conference on Oil Produc- 

tion that charges of electricity have 

fractured cores of the Canyon reef lime 
from Scurry County, Texas, and can 


heat the cores enough to produce liq- 
uid hydrocarbons and gases. 


“Breakthrough” causrs fractures .. . 
The Penn State experiments found that 
high voltage causes a small amount of 
current to flow through a core. ceus- 
ing the core suddenly to change trom 
high revitance to low resistance. after 
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THIS WEEK 





INTERNA TIONAL.— President of Bechtel Corp. proposes , 


fabulous natural-gax swstem cupuble of moving 2 bitlon 
cutic feet daily from Iraq fields to Paris and western 


Furope. . . | Magnitude of thi, undertaking would excecd | 


anything yet built in the pipe-line field in the United States 
owe abroad. . . . *Petrokeum Commitee of International 
t.abor Organization proposes study of present working 
hours in international petrokkum industry. . . . ¢ Trinidad 
Bank offers $3.250(0} loan to Cowen Petroleum Corp.. 
which is consid ing construction of modern new refinery 
on the island. 


IMPORTS.—I.P.A.A. concludes United States by 1955 
could produce enough crude to meet all domestic needs 
without dependence upon imports. . 
ducing capacity will reach 9,600,000 DDI. daily by 1955, 
12,000,000 bbl. daily by 1960... . Greatest threat in im- 
ports is from Western Hemisphere countries, report con- 


cludes... . | 


NATURAL GAS.—Although reserves of natural gas 1n- 
dicate a supply for many yeurs, the cas industry must con- 
tinue studics of developments in coal gasification, gas syn- 
thesis against. the time when economic supplies of natural 
gas are no longer avuilable. A.G.A. told. . - - *Gas-utility 
industry warned to get out and push its product. promote 
research. and win the public's confidence. . . . 


PRODUCTION.—Carhon dioxide in flood water will re- 
sult in 2 higher oil recovery than plain water. Penn State 
technical conference told. . Research technologist 
«avs tests indicate better results than other water flood or 
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. . Forecast savs pro- | 


gas-drive recovery methods... . Rank wildcat in Delaware 
basin. well west of existing production. indicates major 
oil discovery. . . . Test is in Lea County. New Mexico. . . . 
* Another rank wildcat. this one in North Park basin. flows- 
at a rate exceeding 1.500 bbl. daily. indicating Colorado's 
biggest oil well and the biggest this year in the Rocky 
Mountains. . . 


REFINING.—Humbke let contract for world’s largest wl- 
vent-deasphalting plant, to be built at Baytown. Tex. . . . 
Charge capacity will be 28.000 bbi. daily. . . . ‘Benzene 
made from oil will continue to find a market as supplement 
for lower priced supply from coal tar. but cheaper substi- 
tutes from chemical uses may curtail demand. Monsanto 
Officials tells South Texas section of A.1.Ch.E. .. . 


TRENDS.-—The first decrease for the season in stocks of 
four major products was reported for week ended Octo- 
ber 25. down 974.000 bbl. . . . The first decrease last vear 
came for wezk ended November 3... . © Distillate was the 
only major product with a gain in stocks for October 25. 


| up 1,071,000 bbl. . . . *Gasoline dropped 1.235.000 bbi.. 
contrary to the upward trend since August 16. . . . 


_ ACTIVITY.—Production of crude and lease condensate 


averaged 6.539.725 bbl. daily for week ended October 25. 
up 13,925 bbl. daily. . . . ¢Total well completions gained 
67 wells for the week to 868. . . . Wildcat completions 
totaled 222 compared with 187 for previous week and 
230 for corresponding week last vear. . . . Rotary rigs 
operating in United States dropped 8 rigs for week ended 
October 27 ty 2.569 or 318 less than last year... - 
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DEPARTMENT OF COMMERCE 
112 United States Patent Office 
Washington : 


Sol Shappirio Applicant: James W. Martin et al. 
Washington Loan & Trust Bldg. Ser. No.: 102, 306: 
Washington 4, D. C. Filed: June 30, 1949 
For: Recovery of ncaa 

[Mailed June 25, 1953] i 

Responsive to amendments filed October 21, 1952, March 19, 
1953 and May 7, 1953. : 

The amendment to claim 15, line 4, has been entered after the 
second occurrence of "formation". : 

Page 10, line 8, "a" after "p.s.i." is questioned. 

Page 11, line 22, "extend" should be -- extent bes, 

Page 12, line 19, "sane" should be -- sand --. : 

Page 12, line 24, "ton" should be -- one --. : 

Page 15, line 14, "giving" should be -- give --; 

The blank spaces in the table headed "Spec. Grav. at 21°C." on 
pages 16 and 17 should be filled in. | 

Page 19, line 9, "enable" should be er 

Page 19, line 13, "filed" should be -- field --. 

Page 23, line 18, the period should be cancelled and "Gaseous" 





decapitalized. 
Page 26, line 7, "as'' should be -- is --. 
Page 26, line 9, ''6" should be -- § --. 
Page 26, line 15, correct -- top --. 
Claims 1, 2, 4, 5, 7, 9, 10, 11, 14, 31, 33, 35, 38, 41 and 44, 
are again rejected as unpatentable over the patent to Spindler and the 


patents to Russell of record. Applicants' arguments have been care- 
fully considered but the examiner is unable to agree. It is thought that 
113 the prior art clearly points the way to one skilled in the art to 
perform the method here claimed. The art is replete with examples of 
the use of carbon dioxide gas used as a gas drive in oil recovery from 
oil formations. : 
SPY AVAILABLE|™ 


- 


riginal bound volume } as : 
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The statement in Spindler on page 4, lines 27-33, that the carbon 
dioxide may be introduced at pressures "varying up to 100 to 500 lbs. 


~ ky & 


or higher" is held to be a teaching that pressures of "at least 600 p.s.i.” 
may be used. The term "500 lbs. or higher" would be substantially 


meaningless if not construed to cover "at least 600 lbs."". Moreover « 
the patent to Spindler also states that the flooding fluid ''may vary up to % 
1800 lbs. or higher". While this statement occurs in the description of - 


the water flooding drive also described in the Spindler patent as noted in 
applicants’ remarks, the term "fluid" would suggest that this pressure { 
could also be used with the gas drive, i.e. the drive using carbon dioxide 
gas since the term “fluid™ includes both liquids and gases. 
Applicants’ statements as to Spindler using gases “at rock 
pressures of 100 to 500 lbs. or higher, e.g. initial pressures" and "as < 
an average of 150 lbs."* are noted. The patent states, however, that 
pumping is continued for "several days or even several months to build 
up the desired pressure in the (oil) sand." When the pumping is done for 
such extended periods of time at the higher pressures, it is held that 
the patentee is performing applicants’ process. 
114 . It is not agreed that the Russell patents are limited to relatively 
low pressures as urged by applicants. The patents state that the carbon 
dioxide gas is introduced "at rock pressures". Such pressure is usually 
defined as the pressure equal to that exerted by a column of water ex- 
tending from the producing zone of a well to the surface. For ordinary 
wells of a depth of 2000 feet, this pressure would be at least 600 p.s.i. 
and applicants cannot be allowed claims covering the operation of the 
process of Russell in wells of such depth for the reason that such appli- 
cation is merely an obvious use of the patents. | 
The patents to Spindler and Russell do not disclose the improved wi 
results which applicants allege to occur when carbon dioxide gas is used 
at a pressure of at least 600 p.s.i. Such fact, however, is not thought 
to constitute an inventive difference since the results are nothing more 


than the necessary and obvious results of the practice of the methods 








, 
| 
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disclosed in the patents when effected at a pressure of at least 600 
p.s.i. In connection with this, it is well settled patent law as stated 
in Allen et al. Inc. v. Coe 552 0.G. 187, 1943 C.D. 55, 135 F. (2d) 
11, that "a patent may not be granted for scientific explanations or 
discoveries of new uses for or unsuspected merit in old substances or 
processes", (underlining added). Hence it is held to be patentably 
immaterial that the patentees do not disclose that improved yields are 
obtained at the higher pressures used. ! 
Furthermore, the examiner is of the opinion that the prior art 
is suggestive that improved yields might be obtained at higher pressures 
of "at least 600 p.s.i.". The table on page 56 of the| publication cited 
in the last ffice letter indicates that there is an increase of solubility 
of carbon dioxide gas in oil as the pressure increases above 600 p.s.i. 
The value for 1000 p.s.i. is more than twice for 500 p.s.i. This is 
believed to clearly indicate to an investigator that increased results 
might be obtained by using the carbon dioxide at 1000 lbs. over those 
obtained at 500 lbs. The fact that ethane gas also increases its solu- 
bility at higher pressures but does not result in increased oil yields 
in a gas drive, is not deemed to negative the suggestion that carbon 
dioxide might yield increased results by its greater solubility. Both 
gases because of their increased solubility would be objects of investi- 
gation, and because one gas had other properties causing it to fail to 
give increased results, is no reason why the other shoul d not be in- 
vestigated. : 
It is noted that claims 1 etc. recite "an effective pressure" but 
this is not seen to distinguish from the references. The carbon dioxide 
gas is used in the reference patents after natural flow has ceased and it 
would be necessary for the carbon dioxide gas to effect such pressure on 
the oil as to force the oil up the output well to the surface. For any well 
of considerable depth, this would require a pressure of at least 600 
p.s.i. as noted above, and the pressure would be exerted against the 


oil in the formation. The claims also include the steps of recovering 


| 
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116 hydrocarbons from the effluent (oil, carbon dioxide gas). This 
would obviously be done within the practice of the Spindler or Russell 
processes and is fully shown by the patent to Squires, of record. 

Claims 2, 5, 9, 10, 11 and 14 recite that the treatment is 
carried out in the presence of water or in the form of carbonated 
water. The Russell patents show this to be old and while the patent 
to Spindler discloses the use of either water or carbon dioxide gas 
separately, there would be no invention in using the same concurrently 
in view of the Russell patents. 

Claim 15 stands rejected as too broad since the term "treating 
said formation with an agent" followed by a result is held to fail to 
conform with 35 U.S. Code 112 (formerly R.S. 4888). It is not stated 
what the treatment is or what agent is used. 

Claims 15, 19, 23 and 24 are rejected as defining nothing paten- 
table over the patents to Spindler and the Russell patents. If carbon 
dioxide acts to break down solid materials in applicants’ well as stated 
on page 7 of applicants’ remarks in paper #9, a like result will occur 
in the performance of the methods in the reference patents. Also it is 
held that the use of an acid treatment which is conventional in the well 
art to increase flow would not involve invention. As to claims 19 and 
35, the carbon dioxide will be pumped into the wells in the reference 
patents so that initially the pressure is below 600 p.s.i. until the 
higher pressure is obtained. 

117 Claims 42, 43, 45 and 46 are rejected as claim 1. Claims 42, 
43 and 45 recite the use of more than 52 cu. ft. of carbon dioxide per 
cu. ft. of hydrocarbons and claim 46 recite "more than about 20. cu.ft. 
of carbon dioxide per cu. ft. of liquid". Applicants' comment as to the 
figures being based upon the table in page 17 and the remarks on pages 
7 and 8 are noted. It is not seen|that the table (page 17) implies that 
any invention is involved since it is merely a solubility table, md the 





remarks on pages 7 and 8 of applicants’ specification do not emphasize 
any desirable result obtained by the ratios claimed. They appear to be 
merely arbitrary. 
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This rejection is made FINAL. | 

Claims 12, 13, 32, 39 and 40 are held to be withdrawn from 
further consideration under Rule 142(b) as not readable on the elected 
species. 

Claims 3, 6, 8, 16, 17, 18, 20, 21, 22, 25- 30, 34, 36 and 37 are 
cancelled. 

Claims 1, 2, 4, 5, 7, 9, 10, 11, 14, 15, 19, 28, 24, 31, 33, 35, 
38 and 41-46 are finally rejected. 


/s/ Benjamin pone 
Examiner | 


[Mail Division December 24, 1953] : 
IN THE UNITED STATES PATENT OFFICE 


In re application of 

James W. Martin et al; for 
Recovery of Hydrocarbons 
Filed June 30, 1949 
Serial No. 102, 306. 


NOTICE OF APPEALS 
Commissioner of Patents, 
Sir: ! 
The applicant in the above entitled case hereby appeals to the 
Board of Appeals from the final rejection of June 25, 1953. 

The appeal is taken from the rejection of all rejected claims of 
record including claims 1, 2, 4, 5, 7, 9, 10, 11, 12, 13, 14, 15, 19, 
23, 24, 31, 32, 33, 35, 38-46, and any substitutions therefor and addi- 
tions thereto permitted in proceedings following final rejection. The 
grounds of appeal are set forth below. : 

The Examiner erred in: ! 

1. Rejecting the claims on the references, and for reasons of 

record. | 
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2. Rejecting the claims for other reasons found on the face of the 
record which will be urged at the hearing. 
3. Requiring election. 
An oral hearing is solicited, and the appeal fee is attached. 
Respectfully submitted, 


/s/ Sol Shappirio 
Attorney for Applicant 


119 —“ [Mailed April 29, 1954] 


DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 


In re application of Appeal No. 407-44 
James W. Martin et al. 

Ser. No. 102,306 _ 

Filed June 30, 1949 

For: Recovery of Hydrocarbons 


Before the Board of Appeals 


Sol Shappirio for Appellants 


EXAMINER'S STATEMENT 
This is an appeal of claims 1, 2, 4, 5, 7, 9-15, 19, 23, 24, 31- 
33, 35 and 38-46, inclusive, all|the claims in the case. No claims are 
allowed. 
Applicants’ copy of the appealed claims as set forth in the brief 





differs in the following particulars from the claims in the application: 
Claims 11-14, inclusive, in the application read: "The method 
claim 1 in which" rather than - The method of claim 1 -. 
In claim 15, "said" does not occur before "solids". : 
In claim 23 "of the formation" has been omitted after "treatment". 
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The references relied upon are the following patents and publi- 


cation: 
Squires 1, 249, 232 Dec. 4, 1917 
Russell 1, 511, 067 Oct. 7, 1924 
Russell 1, 658, 305 Feb. 7, 1928 
Spindler 1, 826, 371 Oct. 6, 1931 


"Petroleum Development and Technology in 1926" pages 51-69. 

American Institute of Mining and Metallurgical Engineers. 

In response to an election of species requirement, applicant 
elected to prosecute claims to (1) where water is used as a fluid drive 
prior to the applicant's treatment with carbon dioxide, and (2) where 
water is used following applicant's treatment. Claims 1, 2, 4, 5, 7, 9, 
10, 11, 14, 15, 19,23, 24, 31, 33, 35, 38 and 41-46 are deemed to be 
readable on the elected species and are the claims rejected on art. 

The arguments and application of the references to the claims as 
set forth in the final rejection is felt to be sufficiently clear that no 
amplification thereof is thought to be necessary. Applicants have 
presented an extensive brief but the rejections are thought to be still 
applicable. ! 

The statements as to the citations being over twenty years old or 
suggesting carbon dioxide only as one of several suitable gases are not 
material. Each of the references fully supports the Examiner's state- 
ment that this "art is replete with examples of the use of carbon dioxide 
gas used as a gas drive in oil recovery from oil formations". The 
essence of applicants' arguments appears to be that they are the first to 
make actual use of a carbon dioxide drive in the field at pressures of 
600 p.s.i. or above. Affidavits and exhibits of its operation on wells 
are in the record. This may or may not be true since no one can say 
with finality that in the thousands of wells that have had secondary re- 
covery processes applied thereto that such process has not been pre- 


viously tried. 


| 
| 
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_ It is clear to the Examiner that the prior art has pointed the way. 
The statements in the Spindler patent that carbon dioxide may be intro- 
duced at pressures "varying up to 100 to 500 lbs. or higher" and at 
another place, that the flooding fluid "may vary up to 1800 lbs. or 
higher" cannot be ignored. Applicants depreciate these statements by 

121 pointing out that the patent states these are initial pressures and 
that the pressures at the outlet wells are lower which is true. Never- 
theless the patentee is performing applicants" process. 

The fact that Spindler also may introduce additional air at 150 
lbs. pressure after such initial pressurizing which they disclose may 
be continued for "several days or even several months to build up the 
desired pressure in the (oil) sand", is not patentably material. Such 
air introducing step may or not be used as desired. Applicants also 
urge that Spindler does not teach that his pressures are "effective" 
pressures, i.e., pressures above the formation pressure. Secondary 
recovery procedures are usually used after the formation pressure is 
depleted and no longer capable of flowing under its own pressure or by 
pumping. To so use Spindler's process would be only its normal use. 

With reference to the Russell patents, it is thought to be paten- 
tably immaterial that the carbon dioxide may form "bubbles" as des- 
cribed. The patent's disclosure in that carbon dioxide is introduced "at 
rock pressures" and as noted in the record, such pressure is usually. 
defined as the pressure exerted by a column of water extending from the 
producing zone to the surface. For ordinary wells of 2000 feet, this 
would be at least 600 p.s.i. and for the exceptional wells of 10, 000 
feet, many times 600 p.s.i. The fact that the patents state that their 
process is used in well where the rock pressure has declined does not 
mean that the pressure of the carbon dio xide supplied to the well is not 
“at rock pressure". The patents are to the contrary. 

122 The statement is made on page 24 of applicants’ brief that "the 
Examiner has recognized the ineffectiveness of the Russell and other 
patents as a reference, for these reasons, in granting the recent Whorton 
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patent No. 2, 623,596". This is denied. The patent claims a combi- 
nation oil drive using carbon dioxide in an amount between one but 
more than 0.1 pore volume with a pressure of 1000 p.8. i. to 4000 
p.s.i. and thereafter using an inert fluid (air, water or nitrogen 
disclosed). The Russell and Spindler patents have no such teaching. 

As to applicants’ discussion of the Squires patent on page 25 of 
their brief, the patent is relied on merely for a definite teaching of 
recovering hydrocarbons from the effluent of the gatiut well. Such 
step obviously would be used in the practical auseation of Spindler 
or the Russell patents. 

With reference to the publication, the table on page 56 clearly 
indicates that the solubility of carbon dioxide in oil from 900 to 1000 
p.s.i. does not follow a straight line but instead rises. This is deemed 
to be suggestive to a researcher in the art that between such pressures, 
some phenomenon occurs which would bear investigation. With the 
perfecting of the technique of performing laboratory tests on artificially 
made oil-core samples, it would be merely the obvious thing to do. 
Hence no invention is involved. Applicants urge that solubility does 
not necessarily give the increased results obtained. ‘While it may be 
true that other gases that give increased solubility of carbon dioxide 
do not give increased results, this may be because of other factors 
mitigating or cancelling the function. It does not follow that a thorough 
investigator would not perform laboratory tests to ascertain what might 

123 occur, particulrly when known data indicates some unusual action 
does occur. ! 

The rejection of claim 15 as too broad is still thought applicable. 
The third paragraph of the new law (section 112) is not thought to be 
authority for allowing such claims. It is still encumbent upon an appli- 


cant to conform with the second paragraph of section 112 in "parti- 
le cularly pointing out and distinctly claiming the subject matter". 
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Claims 19 and 35 while setting forth a two step process do not 
patentably distinguish over the prior art for reasons fully set forth in 
the final rejection. 

Claims 42, 43, 45 and 46 likewise are unpatentable as noted in 
the record. 

Claims 12, 13, 32, 39 and 40 stand withdrawn from further con- 
Sideration as not readable on the elected species. 

For the reasons given it is submitted that the rejections were 
proper, and should be sustained. 

Respectfully, 


| /s/ Benjamin Bordett 
RLEvans:ws Examiner, Div. 49 


Sol Shappirio 
Washington Loan & Trust Bldg. 
Washington 4, D. C. 
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Paper No. 19 RHI 
Appeal No. 407-44 [Mailed Jul 29, 1955, U.S. Patent 
Hearing: June 27, 1955 Office Board of Appeals] 


IN THE UNITED STATES PATENT OFFICE. | 


BEFORE THE BOARD OF APPEALS 


Ex parte James W. Martin, Frederick | 
A. Hessel, Jchn B. Rust and | 
Irving P; Hammer 


Application for Patent filed June 30, 1949, Serial No. 102, 306. 
Recovery of Hydrocarbons. 





Sol Shappirio for appellants. 


This is an appeal from the final rejection of the claims to the 
elected species. In the reply brief the appeal requests dismissal as to 
claims 4, 9 through 14, 19, 35, 39 and 40 and thus the appeal will be 
dismissed as to these claims. Claim 32 is drawn to a non-elected 
species and is withdrawn from further consideration in this case. We 
note that appellants do not challenge the examiner's holding that this 
claim is not readable on the elected species, and the appeal as to this 
claim will be dismissed. This leaves claims 1, 2, 5, 7, 15, 23, 24, 
31, 33, 38 and 41 through 46 for consideration on appeal. 

For the purpose of considering the issues presented, we quote 
the following claims. 

1. A method of treating a subterranean | nydrocarbon- 
bearing formation which comprises passing carbon dioxide into 
the formation at an effective pressure of the carbon dioxide of at 
least 600 p.s.i. to increase the solubility of the carbon dioxide 
in the hydrocarbons present and to produce an effluent containing 
hydrocarbon and recovering hydrocarbons from the effluent. 

15. A method of treating a subterranean hydrocarbon- 
bearing formation carrying solids amenable to treatment with 
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carbon dioxide, which solids interfere with recovery of hydro- 
carbons from said formation, said method comprising initially 
treating said formation with an agent which breaks down solids 
to open up said solids in said formation and passing carbon dio- 
xide into the formation at an effective pressure of the carbon 
dioxide of at least 600 p.s.i. to increase the solubility of the 
carbon dioxide in the hydrocarbons present and to produce an 
effluent containing hydrocarbon and recovering hydrocarbons 
from the effluent. 

42. The method of claim 1 in which the amount of carbon 
dioxide is more than about 52 cu. ft. of carbon dioxide per cu. 
ft. of hydrocarbons. 

The references relied upon are: 


Squires 1, 249, 232 Dec. 4, 1917 
Russell 1, 511, 067 Oct. 7, 1924 
Russell 1, 658, 305 Feb. 7, 1928 
Spindler 1, 826, 371 Oct. 6, 1931 


"Petroleum Development and Technology in 1926", pages 51-69. 
American Institute of Mining and Metallurgical Engineers. 


As indicated by the above claims, a method of treating an oi1- 
bearing formation to recover oil therefrom, having as its essential 
feature (see claim 1) passing carbon dioxide into the formation at a 


pressure of at least 600 p.s.i., is the subject matter presented for 


our consideration. The method can be carried out by introducing car- 
bon dioxide into the well and into water naturally occurring in the well 
or previously fed into the well, or by carbonating the water and intro- 
ducing the carbonated water into the well. If the first procedure is 
followed, the water in the well is carbonated when the gas is intro- 
duced. This process can be carried out along with other conventional 
steps, such as the feeding of methane or other substances to the well 

- and sequentially feeding fluids not containing carbon dioxide in alter- 
nation with the feed of carbon dioxide containing fluids. Additional 
details will be considered in connection with particular ones of the 
claims. 
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The specification of the instant case goes in considerable detail 


' into theory as to why carbon dioxide is superior as a fluid to be fed 


into wells for removing residual oil from the oil-bearing formations 
after initial flow of oil has substantially stopped. Explanation occurs in 
the specification starting at page 7 as to such aspects as solvent action, 
viscosity decrease due to, and increase in volume of the oil because of, 
absorbed COg and reduction of surface tension. In this connection the 
examiner has called attention to a publication that indicates the increased 
solubility of COg in hydrocarbons with increase in pressure. 

The theory of operation is interesting and is debated in the exa- 
miner's answer and in appellants’ brief and reply brief. We will not, 
however, enter into such debate. If the art discloses the process steps, 
the scientific or theoretical explanation as to why it is effective is im- 
material. If the art does not disclose the process steps, the scientific 
or theoretical explanation as to why it is operative is also immaterial. 

The essential question to be decided in this case is whether the 
prior art teaches the process as defined in claim 1, namely whether the 
art teaches "passing carbon dioxide into the [subterranean hydrocarbon- 
bearing] formation at an effective pressure of 600 p. 8. le 

The Squires reference is used by the examiner solely to teach 
recovering hydrocarbons from the effluent of an output well in a process 
of the general type under consideration. Since appellants concede that 

this is old and conventional and a necessary part of the Spindler 
and Russell patents, we need consider this reference no further. 

Spindler teaches utilizing liquids fed under pressure into an oil- 
bearing formation to deliver an effluent by an output well and also the 
use of gases for the same purpose. The specific disclosure of the use 
of gases starts on page 3, line 125 and amongst the gases disclosed as 
being useful is carbon dioxide (see this page, line 130). Spindler dis- 
closes feeding the compressible gas, such as carbon dioxide, at initial 
pressures which are disclosed as "quite substantial varying up to 100 
to 500 Ibs. or higher. "' (See page 4, lines 32 and $3). This initial 
pressure is obtained by pumping the carbon dioxide into the oil-bearing 
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sands and the pumping is disclosed, see page 4 lines 39-46, as 


" . . . continued for several days or even several months to 
build up the desired pressure in the sand. The high pressures 
obtaining at the well head gradually recede as the compressible 
fluid seeps through the sand, creating a substantially uniform 
static pressure therein throughout the entire repressured area. "' 
We note that in referring to the several gases that are disclosed, 
namely, air, natural gas, carbon dioxide, ethane etc. Spindler in his 
specification refers to them generically as air. Thus this patent dis- 
closes, see page 4 lines 56-65, that after the termination of the several 
days or several months of feeding gas, such as carbon dioxide, at pres- 
sures up to 500 lbs. or higher: 
"Additional introduction of air under a substantially lower pressure, 
the pressure being in average cases approximately 150 lbs., cau- 
ses the oil to flow outwardly from the central well toward the col- 
lecting wells surrounding said central well, and the oil is vented 
from the surrounding wells at a substantially constant rate as the 
pressure in the same is maintained. "' 
In addition to the preceding the examiner calls attention to 
Spindler, page 3, lines 11-13 where this patent states: 
"By exerting pressure upon the flooding fluid, which may 
vary up to 1800 lbs. or greater according to the porosity of the 
gsand,...'" 
This statement occurs during a specific description of water flooding 
wells to remove additional oil. It is the examiner's viewpoint that due 
to the use of the generic word "fluid" it suggests the use of pressures 
up to 1800 Ibs. or greater when feeding gas. 

Appellants disagree with this viewpoint considering that this dis- 
closed pressure pertains to water only. 

We find it unnecessary to further consider this controversy since 
we are of the opinion that the disclosure on page 4 of the use of carbon 
dioxide at pressures of 100 - 500 lbs. or higher is an adequate disclo- 
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The two Russell patents are related. Patent 1, 511, 067 discloses 
feeding gases under pressure to an oil-bearing formation to cause flow 
of oil and Russell 1, 658, 305 discloses corresponding subject matter. A 
gas disclosed in these patents is carbon dioxide, see 1, 511, 067, page 2, 
lines 40 and 41 and 1,658,305, page 4, line 58. In connection with 
these patents there is considerable controversy as to the meaning in the 
art of the expression "rock pressure". We find it unnecessary to further 
consider this controversy since the pressure at which the gas is fed 
in Russell 1, 511, 067 is quite specific (see page 1 lines 58 through 65 
and 99 through 105) namely, the gas is fed at a pressure at least suffi- 
cient to force it into the well bore under a pressure sufficient to overcome 
a head of water extending from the surface of the earth down to the oil- 

bearing formation. In other words, this patent discloses using a 
pressure of approximately 400 Ibs. for a 1000 ft. well, 800 lbs. for a 
2000 ft. well etc. In considering these two related patents, we believe 
it reasonable to assume that the pressures in Russell 1, 658, 305 are sub- 
stantially similar to the pressures in Russell 1, 511, 067, In Russell 
1, 511, 067 the gas is fed to water that has previously been fed into the 
formation so as to carbonate the water in situ. In Russell 1, 658, 305 
carbonated water is fed to the formation at pressures higher than the 
pressure naturally occurring at the beginning of the process and this 
patent discloses (page 3, lines 16-19) "alternately forcing a liquid and 
a gas into the strata, under much ‘iigher pressure than the prevailing 
rock pressure of the strata, » 

We note that peace: aaa criticize the thedry of operation 
stated by Russell as to why the action of carbonated water on the oil in 
its formation, is effective; see the brief, pages 20-24. | 

We are interested only in the process disclosed and thus we will 
not enter into a consideration of the relative accuracy of appellants’ 
and Russell's theories. It is our view that Russell clearly discloses the 
use of carbonated water and under a pressure at least equal to the 
hydrostatic head from the ground surface to the formation level, in 
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sands and the pumping is disclosed, see page 4 lines 39-46, as 
—  ™. . , continued for several days or even several months to 
build up the desired pressure in the sand. The high pressures 
obtaining at the well head gradually recede as the compressible 
fluid seeps through the sand, creating a substantially uniform 
static pressure therein throughout the entire repressured area. " 
We note that in referring to the several gases that are disclosed, 
namely, air, natural gas, carbon dioxide, ethane etc. Spindler in his 
specification refers to them generically as air. Thus this patent dis- 
closes, see page 4 lines 56-65, that after the termination of the several 
days or several months of feeding gas, such as carbon dioxide, at pres- 
sures up to 500 lbs. or higher: 

"Additional introduction of air under a substantially lower pressure, 

the pressure being in average cases approximately 150 lbs., cau- 

ses the oil to flow outwardly from the central well toward the col- 
lecting wells surrounding said central well, and the oil is vented 
from the surrounding wells at a substantially constant rate as the 
pressure in the same is maintained. "' 

In addition to the preceding the examiner calls attention to 
Spindler, page 3, lines 11-13 where this patent states: 

"By exerting pressure upon the flooding fluid, which may 
vary up to 1800 lbs. or greater according to the porosity of the 
gang, » ss ® 

This statement occurs during a specific description of water flooding 
wells to remove additional oil. It is the examiner's viewpoint that due 
to the use of the generic word "fluid" it suggests the use of pressures 
up to 1800 lbs. or greater when feeding gas. 

Appellants disagree with this viewpoint considering that this dis- 
closed pressure pertains to water only. 

We find it unnecessary to further consider this controversy since 
we are of the opinion that the disclosure on page 4 of the use of carbon 
dioxide at pressures of 100 - 500 lbs. or higher is an adequate disclo- 
sure of the use of pressures of at least 600 lbs. 
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The two Russell patents are related. Patent 1, 511, 067 discloses 
feeding gases under pressure to an oil-bearing formation to cause flow 
of oil and Russell 1, 658, 305 discloses corresponding subject matter. A 
gas disclosed in these patents is carbon dioxide, see 1, 511, 067, page 2, 
lines 40 and 41 and 1, 658, 305, page 4, line 58. In connection with 
these patents there is considerable controversy as to the meaning in the 
art of the expression "rock pressure". We find it unnecessary to further 
consider this controversy since the pressure at which the gas is fed 
in Russell 1, 511, 067 is quite specific (see page 1 lines 58 through 65 
and 99 through 105) namely, the gas is fed ata pressure at least suffi- 
cient to force it into the well bore under a pressure sufficient to overcome 
a head of water extending from the surface of the earth down to the oil- 

bearing formation. In other words, this patent discloses using a 
pressure of approximately 400 lbs. for a 1000 ft. well, 800 lbs. fora 
2000 ft. well etc. In considering these two related patents, we believe 
it reasonable to assume that the pressures in Russell 1, 658, 305 are sub- 
stantially similar to the pressures in Russell 1, 511, 067. In Russell 
1, 511, 067 the gas is fed to water that has previously been fed into the 
formation so as to carbonate the water in situ. In Russell 1, 658, 305 
carbonated water is fed to the formation at pressures higher than the 
pressure naturally occurring at the beginning of the process and this 
patent discloses (page 3, lines 16-19) "alternately forcing a liquid and 
a gas into the strata, under much ‘ligher pressure nae the prevailing 
rock pressure of the strata, g a 

We note that een ees criticize the theory of operation 
stated by Russell as to why the action of carbonated water on the oil in 
its formation, is effective; see the brief, pages 20-24. : 

We are interested only in the process disclosed and thus we will 
not enter into a consideration of the relative accuracy of appellants’ 
and Russell's theories. It is our view that Russell clearly discloses the 
use of carbonated water and under a pressure at least equal to the 
hydrostatic head from the ground surface to the formation level, in 
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other words pressures in the order of 400 lbs. for each 1000 ft. depth of 

the well. 

Appellants contend that the art does not disclose the pressures 
herein claimed and that such pressures are critical when used with 
carbon dioxide. They call attention particularly to page 28 of their 

: specification as basis for the statement in the brief, page 7: 

‘It has been found that if the recoveries at various pressure 

are graphed, a curve is obtained which suddenly changes direc- 

tion upwardly at a point representing about 600 p.s.i. effective 

pressures of CO2. On page 28 of the specification lines 1-12, this 
criticality of pressure with respect to carbon dioxide has been em- 
phasized. It is there stated that at low pressures (20 p.s.i.) car- 
bon dioxide does not show any superiority over methane and 
nitrogen in the recovery of oil in the sand, but beginning at about 

125 p.s.i., the carbon dioxide shows a superior recovery. At 

600-650 p.s.i. the carbon dioxide recovery increases sharply, 

reaching a maximum at about 950-1000 p.s.i." 

On page 28 there is a table showing recovery when using carbon dioxide 
and other gases at various pressures showing the percent of oil, by 
weight, recovered. This table, as to carbon dioxide, is as follows: 


"Pressure CO2 
500 p.s. i. 51.5 
600 p.s. i. 09. 8 
700 p.s.i. 73.5 
810 p.s.i. 74,1" 


Plotting the percent recovery against pressure, the rate of increase in 
recovery between 600 and 700 p.s.i. is greater than between 500 and 
600 p.s.i., the rate between 700 and 810 p.s.i. decreasing materially 
as compared to the preceding. This set of data does not show that "re- 
covery increases sharply" at 600-650 p.s.i. as stated in the preceding 
paragraph. While the recovery rate between 600 and 700 p.s.i. is 
greater than the recovery rate between 500 and 600 p.s.i., it is not 
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a sudden change. It is thought that anyone utilizing the process of the 

Spindler and Russell patents would be expected to try a number of dif- 

ferent pressures within the scope of those disclosures and on finding 

that the higher pressures disclosed give increased yields, as compared 
to the lower pressures disclosed, would be expected to try out 

various increased pressures to find out which gave the optimum economic 

recovery. : 

But appellants argue that the art does not disclose "effective pres- 
sures" as disclosed and claimed by them. This argument is given in the 
brief page 5 as follows: ! 

"Thus to obtain the critical results of the present inven- 

tion, the carbon dioxide must be used at an effective pressure of 

the carbon dioxide of the critical minimum stated. To explain 

exactly what is involved let us apply it toa discrete situation. 

Take a formation where the pressure in the formation (what the 

Examiner calls the rock pressure) is 700 p.s. i. Under the present 

invention the carbon dioxide is introduced so that the partial 

pressure of the carbon dioxide in the formation is at least about 

600 p.s.i. The total pressure in the formation may thus be raised 

to as much as 1300 p.s.i. The invention is not directed to the in- 

troduction of carbon dioxide just high enough to introduce it into 
the formation against the pressure already existing there because 
that would not give an effective pressure, e.g. partial pressure of 

carbon dioxide of at least 600 p.s.i." 

This argument is repeated in the reply brief starting at the bottom of 
page 4 as topic numbered 5. | 

We have scrutinized the specification as filed but fail to find any 
disclosure that in terms corresponds to the above argument. The des- 
cription in the specification as filed pertaining to pressures to be utilized 
appears in a number of places. The first occurrence is the paragraph 


starting on page 4 and continuing onto page 5. There pressures are dis- 
closed of about 600 p.s.i. or higher, but find no specific statement that 
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such pressures are to be of the indicated value above the pressure 
existing in the formation at the start of the process. The pressures as 
stated on page 4 are referred to in a number of places. The term "ef- 
fective" is found on page 7 but in the following context: 

". , . the effective concentration of the carbon dioxide at the 

active 'interface' appears to play a most important effect. Main- 

tenance of pressure at the reactive zone is accordingly most de- 
sirable whether or not the pressure is maintained throughout the 
entire strata. The present invention therefore covers the use of 
carbon dioxide at the pressures indicated, ..." 
This statement clearly does not impart to the pressures disclosed the 
special sense given thereto in the brief and reply brief. 

As to the pressures used, we note that on page 10 starting with 
line 4, in discussing appellants’ theory of operation, it is stated that 
pressures below 100 p.s.i. on the COg "has a negative effect on the 
release of oil" but "at pressure above 100 p.s.i. it has a slowly increas- 
ing advantageous effect." At page 20 starting with line 15 a procedure 
is described as follows: 

"Another procedure is to subject the oil well to an initial 

COg drive at pressures below 500 p.s.i. and then follow this with 

a water drive at substantially higher pressures. It is therefore 

possible, by subjecting the strata to this intermittent water and 

COg drive, to use a relatively low pressure COg drive and a high 

pressure water drive. In this way, an effective pressure of CO9 

above 600 p.s.i. may be obtained as a result of the high pressure 
water drive. '"' (emphasis added) 
This is a second use of the term "effective" but it does not suggest the 
special connotation ascribed thereto in the brief and reply brief. 

At page 28 lines 7 and 8 it is pointed cut that "beginning at about 
125 p.s.i. the carbon dioxide shows a superior recovery. " 

Thus the specification establishes that the superior effect of COg 
in recovering oil starts at 125 Ibs. and increases with increased pres- 
sure up to about 1000 lbs. 
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The references teach the use of pressures higher than the 125 
p.s.i. where the superior effect starts, namely the Russell 
patents, 400 lbs. for each 1000 ft. depth of the well and Spindler 100 to 
500 lbs. and higher. Under these circumstances it would be but routine 
for an engineer in trying out the processes disclosed in these references 

to determine the pressures that give optimum economic recovery. 

Finally, as to the pressures disclosed, assuming that those 
skilled in the art to which the present application and the Spindler patent 
are directed, would construe the disclosure of pressures in the instant 
case in the special sense set forth in the brief and reply brief, we are of 
the opinion that they would also construe the corresponding disclosure 
of Spindler in the same way since the disclosure of pressures in the 
specifications are in the same terms. | 

For the reasons given above we find nothing of patentable merit 
in the pressures defined in the claims. In arriving at this decision we 
have considered, but have found nothing persuasive, in the affidavits and 
other material submitted. ! 

There is dispute in the instant case as to the age of the art anda 
statement by the examiner that the art is replete with the examples of 
the use of COg in oil recovery from oil formations. 3 As appellants 
recognize, if a patent teaches the invention one patent is sufficient to 
constitute repletion and as appellants also recognize if the art teaches 
the method its age is of no significance. Since these disputes are not 
germane to any issue in the instant case, we will not further consider 
same. | 

One of the arguments is that the processes of the references relied 
upon have never been actually used in the field for secondary recovery of 
oil. This is an allegation, of course, that the Russell and Spindler 

patents are paper patents and have, in fact, never been tried out. 
We note, however, that even if this argument is accepted, appellants 
have merely followed the teachings of these patents as to the use of CO9 


at the significant pressures and corroborated the prediction contained 
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therein. To merely follow the prior art and find out that it works is not 
to make a patentable advance thereover even when it is conceded that the 
art merely made an accurate prediction. Whether or not actual field 
use was ever made of the process of the art prior to appellants’ field 
use of such process is not germane to the question of whether appellants 
are claiming a process patentable over such art teaching. 

One of appellants' many arguments is that Spindler does not dis- 
close maintaining gas pressure at the 100 to 500 lbs. or greater initial 
pressure that the patentee discloses, whereas appellants maintain the 
600 p.s.i. pressure continuously. 

As we have already noted, we have construed Spindler as disclos- 
ing passing COg into the formation at 600 p.s.i. as defined by the claims. 
Spindler does this for several days or several months. Thus the claims 
call for no more than the process as practiced under the Spindler dis- 
closure for several days or several months. We agree with the examiner 
that this is, in fact, the practice of the process. 

One argument that is presented is that the examiner's present posi- 
tion is inconsistent with the position taken by this Office in allowing the 
patent to Whorton No. 2 623, 596. We feel it unnecessary to discuss 
this contention since, even assuming the accuracy of the allegation 
(which we do not do) it is well established that this would not be a reason 
for allowing the instant claims where they are clearly unpatentable over 
the art. In re Oakes, 31C.C.P.A. 833; 1944 C.D. 172; 561 0.G. 181; 
140 F. (2d) 669; 60 USPQ 453; In re Lobdell, 35C.C. P.A. 1091; 1948 
C.D. 447; 613 O.G. 248; 167 F. (2d) 634; 77 USPQ 377; Minnesota Mining 
and Manufacturing Co. v. Coe, 566 0.G. 180; 1944 C.D. 42; 145 F. (2d) 
25; 62 USPQ 119. 

As to claims 15, 23 and 24, appellants argue that neither Spindler 


nor the Russell patents disclose that COg will so act upon an impermeable 


oil formation as to open it up. We are in agreement with the examiner 
that if this action takes place because COg is fed into the formation, it 
will inherently take place in the practice of the Spindler and Russell 
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methods since they feed CO2 into the formation. This is but an explana- 
tion of an effect of the method step, and appellants correctly state (see 
brief, page 29) that "Patents are not granted for scientific explanations. " 

As to claims 42, 43, 45 and 46 appellants argue that these claims 
are formulated on controlled ratios of COg to liquid in the reservoir. 
From a consideration of these claims in connection with the solubility 
table given on pages 16 and 17 of the specification, it will be seen the 
claiming the quantity of carbon dioxide as "more than about 52 cu. ft. 
of carbon dioxide per cu. ft. of hydrocarbons" (see claim 42) is merely 
to specify the quantity which will dissolve in the hydrocarbon at approxi- 
mately 500 Ibs. pressure. In claim 46 the "20 cu. ft. of CO2 per cu. 
ft. of liquid in the reservoir" is approxim ately the volume that dissolves 
in sea water at 205 p.s.i. The ratios specified are inherent in the pre- 
sures used. : 

We have carefully considered the many arguments presented by 
appellants but are in agreement with the examiner that the claims are 

not patentable over the art and thus sustain this rejection. 

In addition, the examiner rejects claim 15 as too broad due to the 
expression "treating said formation with an agent which breaks down 
solids to open up said solids in said formation. " This is an old and con- 
venti onal step which can be carried out with a wide number of known 
agents. This particular claim is drafted to cover C02 and other prior 
known agents for the purpose. Where a number of materials are known 
as caaable of carrying out a function, we are of the opinion that it is 
proper to use the mode of definition herein questioned. This rejection 
of claim 15 cannot be affirmed. ! 

The appeal as to claims 4, 9 through 14, 19, 35, 39 and 40 is 
dismissed per the request contained in the reply brief. 

The appeal as to claim 32 restricted toa non-elected species is 
dismissed. : 

The decision of the examiner is affirmed as to claims 1, 2, 5, 

7, 15, 23, 24, 31, 33, 38 and 41 through 46. ! 
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PETITION 


To The Commissioner of Patents: 

Your Petitioners, James W. Martin, Frederick A. Hessel, Irving 
P. Hammer and John B. Rust, citizens of the United States and residents 
respectively of Tuckahoe, County of Westchester, State of New York; 
Upper Montclair, County of Essex, State of New J ersey; Belleville, County 
of Essex, State of New Jersey; and East Hanover, County of Morris, State 
of New Jersey; and whose post office addresses are respectively 94 Over- 
look Avenue, Tuckahoe, New York; 4 Cherry Street, | Montclair, New 
Jersey; 4 Cherry Street, Montclair, New Jersey; and 4 Cherry Street, 
Montclair, New Jersey, pray that Letters Patent may be granted to them 


for new and useful improvements in | 
HYDROCARBON RECOVERY FROM THE EARTH 


set forth in the annexed specification which is a continuation-in-part of 
application Serial No. 64, 402 filed December 9, 1948; and also of the 
Martin, Hessel, Rust and Hammer application filed : 
Serial No. , entitled Recovery of Hydrocarbons; and they 
hereby appoint Sol Shappirio, Washington Loan and Trust Building, Wash- 
ington 4, D. C., their attorney, with full power of substitution and revo- 
cation, to prosecute this application, to make alterations and amend- 
ments therein, to sign the drawings, to receive the patent, and to transact 
all business in the Patent Office connected therewith. 

/s/ James W. Martin 

/s/ Frederick A. Hessel 

/s/ Irving P. Hammer 

/s/ John B. Rust 


SPECIFICATION. 
To All Whom It May Concern: 
Be it known that we, James W. Martin, Frederick A. Hessel, 
Irving P. Hammer and John B. Rust, citizens of the United States and 
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residents of Tuckahoe, County of Westchester, New York; Upper Mont- 

clair, County of Essex, State of New Jersey; Belleville, County of Essex, 

State of New Jersey and East Hanover, County of Morris, New Jersey, 

respectively, have made new and useful improvements in 
HYDROCARBON RECOVERY FROM THE EARTH 

of which the following is a specification: 

This invention relates to methods of treating subterranean hydro- 
carbon-bearing formations, particularly formations which cannot be 
economically worked by methods heretofore available in the art such as 
petroleum bearing horizons, for recovery of said hydrocarbons. 

It has long been known that the recovery of oil or related hydro- 
carbons from subterranean strata or formations is quite inefficient from 
the standpoint of the oils or similar hydrocarbons which are left in the 
strata or formations. By the methods of what may be called primary 
recovery where the oil and gas are obtained under the pressures naturally 
existing in the strata, it has been variously estimated that only a fraction 
of the oil or other hydrocarbons is obtained possibly about 20 to 30% de- 
pending on the particular fields and conditions. As a result many methods 
have been suggested for recovering such residual oil or hydrocarbons 
from the subterranean horizons. Such methods include procedures for 
driving out residual oil or hydrocarbons and various fluids have been 
propesed and utilized in such drives. Gaseous drives employing air, 
nitrogen, natural gas or methane, etc., have been proposed and to some 
extent utilized. 

Aside from hazards and adverse effects which may be faced in the 
employment of elemental oxygen or oxidizing gases, such methods al- 
though partially successful in recovering a portion of the residual oil in 


such strata do not generally recover under the best of conditions more than 
20% of the residual oil and usually account for considerably less than that 
figure. Liquids, principally water, have been used in water flooding in 
efforts to drive out residual oil from the strata but such liquid or water 
drives have also not been more successful than the gaseous drive in that 
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they account for recoveries of the residual oil in the formations of not 
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more than about the same amounts as those recovered by the gas drives. 
The fluids both gaseous and liquid have generally been utilized at relatively 
low pressures. While higher pressures have sometimes been proposed, 
they have generally not been utilized in practice and such higher pressures 
with the stated drives do not appear to warrant such higher pressures 
since the recoveries with the stated drives are not materially higher to 
justify the use of the higher pressures. At best therefore even with the 
gas drives and water flooding operations some 40% more or less of the 
original oil or other hydrocarbons in the subterranean strata or forma- 
tions remains therein and no methods have been devised in the prior art 
which are feasible commercially for obtaining greater recoveries. 

In application Serial No. 102, 306 filed June 30, 1949 the employ- 
ment of carbon dioxide under critical conditions has been set forth for 
recovery of hydrocarbons from subterranean formations whereby it is 
possible to effect recoveries of so great a degree that residual hydro- 
carbons left in the formation may be 10% or less, in aa contrast to the 
results of the prior art. 

Among the objects of the present invention are imethods for recover- 
ing oils and other hydrocarbons from subterranean strata or formations 
in which substantially higher recovery yields are obtained by economically 
feasible procedures. 

Other objects include such methods which are applicable to recovery 
of such higher yields of oils and related hydrocarbons from subterranean 
strata under the varying conditions and character of strata. 

Further objects include the use of carbon dioxide in the presence of 


aqueous solutions of salts, such as brines, or other compounds, which 


modify or enhance the hydrocarbon recovery. : 

Still further objects and advantages of the present invention will 
appear from the more detailed description set forth below, it being under- 
stood that such more detailed description is given by way of illustration 
and explanation only, and not by way Of limitation, since various changes 


| 
| 
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therein may be made by those skilled in the art, without departing from 
the scope and spirit of the present invention. 

The following detailed description is taken in connection with the 
accompanying drawings, in which: 

Figure 1 is a vertical section through a representative oil horizon 
for secondary oil recovery and relative operations; 

Figure 2 depicts a vertical section through a modified input well 
for use in the system shown in Figure 1; and 

Figure 3 shows a further modified form shown in vertical section 
where a single well is employed. 

In accordance with the present invention, carbon dioxide at high 
pressures is utilized for the recovery of oils and related hydrocarbons 
such as petroleum, etc., from subterranean strata and formations con- 
taining such oils or other hydrocarbons, the carbon dioxide being used 
in the presence of an aqueous solution of a salt or mixture of salts, or 
other compounds, such solutions being well exemplified by brines, since 
it has been found that such solutions may desirably be employed to modify 
the recovery of the hydrocarbons. 

Such solutions, for example brines, may be used with the carbon 
dioxide in a variety of ways, but will materially modify the hydrocarbon 
recovery. Thus, the carbon dioxide may be used with the salt or other 
solution by introducing each of them separately into a well in procedures 

5 as outlined hereinafter, or they may be introduced together, or inter- 
mittently, or simultaneously, or in repetitive alternation. 

The best results are obtained by using them simultaneously in the 
form of carbonated aqueous solutions of salts or other compounds, such 
as carbonated brines. In this way, it is found that maximum recoveries 
of hydrocarbons may be obtained with minimum quantities of carbon di- 
oxide. Further, while in using carbon dioxide in gaseous form, critically 





improved results being at pressure of about 600 p.s.i., in the use of car- 
bonated aqueous solutions for these purposes, the pressures at which such il 
carbonated solutions may be employed may be materially lower than 600 p.s.i., & 
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may be, for example, pressures at which the aqueous solution will carry 





at least 2 cu. ft. of COg per cubic foot of carbonated solution; but there 
is no upper limit other than the maximum solubility at the particular pres- 
sure employed. Higher pressures are preferred. | 

Since such aqueous solutions are readily carbonated particularly 
under the high pressures utilized, when carbon dioxide and an aqueous 
solution are introduced simultaneously or intermittently into an input well 
or into an underground stratum. Carbonation of the solution takes place 
rapidly in situ and such expedient may be used in lieu of directly intro- 
ducing carbonated solutions, such as brines. 3 

The aqueous solutions of salts or other compounds both inorganic 
and organic may vary widely. Various inorganic salts or compounds 
may be used such as the various alkali metal salts, i. e., sodium, 
potassium, lithium, ammonium, alkaline earth metal salts such as 
calcium, magnesium, strontium, barium, and other heavy metal salts 
including those of iron, chromium, aluminum, nickel, cobalt, manganese, 
zinc, copper, mercury, etc. particularly such salts which are soluble 
under the conditions employed. As acid anions for such salts, there may 
be mentioned chlorides, bromides, iodides, fluorides, nitrates, sulphates, 
carbonates, bicarbonates, phosphates, aresenates, cyanides, thiocyan- 
ates, cyanates, or combinations of any of these salts. Even the free 
acids of such hereinbefore mentioned salts may be used. Brines, either 
natural or artificial, may be effectively employed, a good example being 
sea water. They may be used either concurrently with the carbon dioxide 
or carbonated, as set forth above. Since the solubility of carbon dioxide 
varies with the particular salt or salts present in the solution at any 
given temperature and pressure, these factors of salt or mixture of 


salts, temperature and pressure may be employed to control the extent 

of carbonation of the brine or other solution. As exemplary of salts that 
may be employed there may be mentioned specifically the halides of 

alkali metals and alkaline earth metals such as sodium chloride, potassium 
chloride, ammonium nitrate, calcium nitrate, magnesium nitrate, the 
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sulphates of the alkali metals such as sodium sulphate, sodium bisul- 
phate, ammonium sulphate, magnesium sulphate; bicarbonates of sodium, 
potassium, ammonium, magnesium calcium, etc. and of course as illus- 
trated in some of the brines below, any combinations or mixtures of these 
salts and acids may be employed. : 

The term aqueous solution of a carbon-dioxide solubility modifying 
component may be used generically for these solutions, while the term 
brine will be used herein to cover such solutions when they contain at 
least sodium chloride as such components, regardless of what else may 
be present. The concentration of salt or other such component may 
vary widely. Limits corresponding with those equal to the solubility of 
sodium chloride in water at the particular temperature and pressure 
employed will usually be sufficient. For example, for sodium chloride 
the amount present may be from 0.2 to 5.0 and higher, moles of sodium 
chloride per liter of solution. Other salts may be used in the same pro- 
portions although much higher concentrations of salts more soluble than 
sodium chloride may be employed. 

While inorganic compounds have been particularly referred to above, 
organic compounds, particularly those which are miscible with water to 
at least a limited extent may be used to modify the solubility of carbon 
dioxide in aqueous solution with or without any of the inorganic compounds 
set forth above. For example there may be employed aliphatic and 
aralkyl alcohols both mono- and polyhydric such as methyl alcohol, 
ethyl alcohol, propyl alcohol, isopropyl alcohol, amyl alcohol, glycerine, 
mannitol, sucrose and other sugars, glycols, such as ethylene glycol, 





propylene glycol, etc., and their ethers such as diethylene glycol, "car- 
bitol"” etc.; aminoalcohols particularly alkylolamines such as mono- i. 
ethanolamine, triethanolamine; aldehydes, ketones, and acids, both ali- 
phatic and aromatic including, chloral, acetone, acetic acid, citric acid, 
butyric acid, propionic acid, benzaldehyde; benzoic acid; esters such as 
amyl formate, amyl acetate, isobutyl acetate, methyl acetate, etc; halo- 
genated compounds both aliphatic and aromatic including dichlorhydrine, 
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benzyl chloride, bromobenzene, ethylene dibromide, chlorobenzene, 
carbon tetrachloride, propylene bromide, amyl bromide, chloroform, 
etc; nitrocompounds such as nitrobenzene; phenols such as phenol, pyro- 
gallol, quinol, resorcinol; carbon disulfide, etc. In general inorganic 
compounds are preferred particularly brines. : 

The use of organic derivatives to modify the solubility of carbon 
dioxide in aqueous solutions such as brines, as set forth above, is well 
illustrated by the action of alkylolamines. Thus, used in the form of 
neutral ase aia, 6.77 pounds of triethanolamine can absorb 90 volumes 
of COs at 20°C and 1 atmosphere pressure. The same volume of CO» 
can be released from said absorbed material by heat, by release of pres- 
sure, or by a combination of said factors. Higher pressures for absorp- 
tion will increase the extent of absorption of COg in water or in brines etc. 
The introduction of such highly charged solutions into the earth strata 
where high temperatures prevail will generally result in an immediate 
release of at least a substantial part of said carbon dioxide. 

Another example of organic modified brines is provided by the action 
of dextrose or related sugars on the absorption of carbon dioxide by car- 

bonate solutions such as alkali metal carbonates. For example, where 
the average absorption efficiency of a 2 N solution of potassium carbonate 
was 70.8 per cent, 5 per cent dextrose by weight raised this to 94.2 per 
cent and 10 per cent dextrose increased it to 104.9 per cent. Among the 

other organic materials referred to above that may be specifically 
mentioned for use in this way, may be noted methylalcohol, ethyl alcohol, 
ethylene glycol, formaldehyde, lactose and levulose. 

The aqueous solutions whether carbonated or not, may be used in 
conjunction with carbon dioxide so that the considerations which apply 
to using carbon dioxide gas or a solution in water may be employed in 
connection with the present invention and such material is set forth below 
as taken from the application Serial No. — to above, in 
respect to the use of carbon dioxide. | 

The pressures utilized are critical and when g0 employed result in 
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phenomenal recoveries of the desired oil or other hydrocarbons. It has 
been found that carbon dioxide under high pressures, that is pressures 
of about 600 p.s.i. or above the range from about 600 to 700 p.s.i., de- 
pending to some extent on the nature of the oil or other hydrocarbons 
being recovered, and the character of the formations being treated, 
represent a critical pressure at and above which the recoveries of oil 
or other hydrocarbons from the subterranean strata or formations in- 
creases sharply and markedly. The results obtained are peculiar to 
carbon dioxide and are not exhibited to any comparable extent by other 
fluids that have been used in fluid drives for recovery of oil or related 
hydrocarbons from subterranean strata as will more particularly be pointed 
out below. From the stated range where such marked sharp increase in 
recovery of oil or related hydrocarbons is obtained, the pressures 
may extend over a substantial range but generally there is no need to use 
pressures above 1000 p.s.i. anda maximum recovery is generally shown 
in the range of about 800 to 950 p.s.i. depending again on the conditions 
of the operation, the character of the strata or formation encountered, 
and possibly other factors or to view the recovery from a somewhat 
different standpoint, it may be stated that after such treatement with car- 
bon dioxide in the pressure ranges indicated, the oil or other hydrocar- 
bons remaining in the subterranean strata or formations is very markedly 
less than is obtained with the best of prior art practices, and the residual 
oil or other hydrocarbons may be reduced to as little as 10% and less, -- 
in sharp contrast to the residual oils of as much as 40% left in such sub- 
terranean strata by the use of prior art methods. 

It has been pointed out above that when carbon dioxide per se is 
used, high pressure is essential in carrying out the present invention. 
However, as will be illustrated below, this does not mean that other 
methods and procedures may not be utilized with the carbon dioxide treat- 


ment in accordance with the present invention, and does not mean that 


other materials may not be present or used concurrently or conjointly 
with the carbon dioxide in accordance with the present invention. In fact 
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as it will be pointed out below it is possible to carry out the recoveries 
by the use of carbon dioxide with the utilization of other agents conjointly 
therewith. Nor is it necessary that the carbon dioxide be used as such 





but also it may be in solutions as in oil or water. It is however essential 
that carbon dioxide be utilized and that it be employed at minimum pres- 
sures of the order set forth above. | 

In the utilization of the carbon dioxide under pressures of the order 
set forth above, the pressure referred to may be the initial pressure under 
which the carbon dioxide or fluid containing it, is introduced into the sub- 
terranean strata particularly where conditions are such that the introduc- 
tion of the carbon dioxide at such initial minimum pressures will insure 
pressures of the order indicated or approximating them, in the strata into 
which the fluid is introduced. For best results, the order of pressures 
referred to, should be maintained in the strata themselves whereby maxi- 
mum recoveries at any particular given pressures will be obtained and 
the maintenance of such pressures in the strata themselves may be in- 
sured by various factors which may include the nature of the formations 
themselves, valved control of the exit pressures, and in other ways. 
The pressures referred to are those utilized under the conditions pre- 
vailing in the well. These pressure relations will apply to temperatures 
found in most oil wells. In deeper wells where temperatures of above 
125°F may prevail, such higher temperatures should be considered with 
respect to the pressures at which the carbon dioxide is introduced, to 
make the necessary adjustment. | 

The optimum pressure at the inlet well is believed to be of primary 
significance. It may be that there is some tendency for the pressure to 
dissipate itself, in some formations in any event, but even so, in such 
cases the initial pressure head is believed to be a significant factor. 
Thus the effective concentration of the carbon dioxide at the active "inter- 
face" appears to play a most important effect. Maintenance of pressure 
at the reactive zone is accordingly most desirable whether or not the 


pressure is maintained throughout the strata. The present invention 
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therefore covers the use of carbon dioxide at the pressures indicated, both 
as an initial pressure applied to the stratum from the inlet zone or well, 

in addition to maintenance of such pressures throughout the strata, and 
any combination of operations including either or both of those expedients. 
Regardless of any explanation that may be offered, the results obtained 

by the present invention are of great significance as pointed out herein. 

A number of factors appears in the use of carbon dioxide under high 
pressure for recovery of oil. Of these factors, the solvent action of a 
fluid containing carbon dioxide and oil, is the greatest. This force is 
most evident at pressures around 800 p.s.i. or 34% carbon dioxide, 
equivalent to a CO,:oil ration of about 1:3 or about one-third. It has been 
f ound that the removal of oil from oil-sands is much accelerated when the 
carbon dioxide pressures are above about 600 p.s.i., but at a point above 
about 850 p.s.i. this acceleration lessens until between about 900 and 

1000 p.s.i., the recovery curve tends to lessen off. In connection 
with this phenomenon a number of points may be noted. 

In the first place, the apparent solubility of carbon dioxide in oil 
increases at an accelerated rate within the stated pressure range. The 
maximum apparent solubility within this range of pressures is, for cer- 
tain oils, as much as 260 volumes of carbon dioxide per volume of oil, 
i.e., for each cubic foot of oil, weighing say 50 Ibs., there is absorbed 
260 volumes of carbon dioxide weighing 26 lbs. This is equivalent to 
approximately 34% COs and a COg:oil ratio of 1:3. Of course other 
values up to such maximum are possible. It is believed that in such cases 


a solution of CO, in oil is indicated, rather than a mere mixture, since if 


a definite amount of CO, enters the oil, no further addition of CO, is 


possible at a given pressure. It may be noted further that liquid carbon 


dioxide and oil are not miscible. 

In the second place, the viscosity of CO, (at 20°C) increases al- 
most four-fold between the pressures of approximately 810 to 850 p.s.i. 
The viscosity of CO, at approximately room temperature and up to 810 


2 
p.s.i. does not exceed .0186 centipoises, and above 800 p.s.i., the vis- 





14 
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cosity is not less than 0.0697 centipoises. (For comparison, water at 

r oom temperature has a viscosity of 1 centipoise, gasoline .6 centipoises, 
and crude oil about 6 centipoises.) Since the viscosity of crude oil may 
be reduced by 60% if it is saturated with natural gas at around 600 p.s.i., 
it may be therefore that CO, with its much greater solubility in oil (up 

to ten-fold) may reduce the viscosity of crude oil from 6 to much 

lower values, depending on the amount present, and ultimately to some- 
thing less than .6 centipoises or to a viscosity less than that of gasoline. 
It is to be expected that the solubilities of CO, in the different crude oils 
varies substantially, and that CO, is soluble not so much in the entire 
mixture valled crude oil, but rather in certain components thereof. Such 
action converts these selective components in effect into “lighter fractions" 








which exhibit solubility for heavier components in the oil. 

In the third place, between about 800 and 900 p. s.i. the volume of 
the CO, :0il fluid increases with the addition of carbon dioxide, which 
increase may amount to about 20% by volume. An increase in volume of 
only 20% coincident with the addition in weight of 24%, would indicate that the 
CO,:o0il fluid will have a specific gravity greater than the original crude 
oil, and thus settle downward in the oil-sand. Such CO, :oil fluid may 
exhibit specific gravity, viscosity, and solvent power towards petroleum 
compounds comparable with carbon disulfide, carbon sub-oxide, or car- 
bon tetrachloride. | 

These three points, namely increased solubility of CO, in oil, in- 
crease in viscosity of CO; and increase in volume of the CO,:0il fluid, 
all at or within the critical range of pressures, have their effect in the 
acceleration of oil removal by COp; by the factor of solvent action of oil 
on carbon dioxide. ! 

Another factor of importance is reduction of surface tension, which 


probably begins to exert its effect prior to the acceleration of the solu- 
bility of the oil on CO,. It aids solubility by tending to release the oil 
from the smaller pores of the oil sand. There are indications that CO, 
below 100 p.s.i. in an oil-water mixture has a negative effect on the 
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release of oil from oil-sands but at pressures above 100 p.s.i. it hasa 
slowly increasing advantageous effect. The pH of CO, in water solution, 
which is fairly constant above 100 p.s.i., increases rapidly below 100 
p.s.i. and is neutral at 0 p.s.i.a. The possibility of CO, acting to reduce 
surface tension is indicated by the fact that carbonic acid (H,CO,) is known 
to react as a hydroxy derivative of formic acid. Traces of formic acid 
and other fatty acids and their soaps have the power of materially lowering 
the surface tension of oils. The CO, :oil ratio in the unfavorable pressure 
range below 100 p.s.i. is believed to be best indicated by the solubility of 
CO, in oil and brine at pressures below 100 p.s.i. Such solubility is not 
above 5 volumes which is about 1.2 in per cent by weight. Thus the CO,: 
oil ratio might be in the neighborhood of 1:84. However, CO, in concen- 
trations above 1% or in CO,:0il ratio less 1:80 has a beneficial effect on 
the separation of oil from sand; this beneficial effect may be due to a de- 
crease in surface tension of the oil. 

In the case of all of the forces under discussion, time will be required 


for the CO, to reach the area in the sand in which the oil is located. This 


time can be measured by the rate of flow of CO, from inlet to outlet 
of the oil-sands plus certain incremental time necessary for the CO, to 
penetrate into less permeable areas. At present, the normal flow of 


water and oil is at a rate of 2 to 5 inches per day over the 300 to 700 feet 
intervening between inlet and outlet well. It is believed that even if, this 
rate is accelerated with CO, there will be ample time for all the above 
mentioned forces to come into full play. The possible effect of time on 
the forces bringing about oil recovery with CO, are given below. In the 
reduction of surface tension time probably plays an unimportant role - 
the surface tension is conceivably reduced rapidly on contact with a defi- 
nite minimum concentration of CO,. 
In connection with increased permeability of the sand time is a 

major factor. A solid, alkali-earth carbonate or silicate incrustation or 
iron deposit must react chemically to form bicarbonate which, in turn, 


must dissolve in a liquid, the solution thus formed must be removed from 
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contact with the surface of the solid and fresh liquid must be presented for 
further chemical reactions. These are time-consuming actions and can 
be hurried only be speed or turbulence of flow of the liquid or by tempera- 
ture changes - none of which are available to an appreciable extent under 
field conditions. : 

The action of CO, on bacterial growth and on clays is less time-con- 
suming and probably is accomplished in a few hours: after CO, to the con- 
centration of 1% reaches their vicinity. : 

As to solution of oil in CO,; this force also is an acutal contribu- 
ting force in field work. The action of CO, on residual oil after the main 
portion of oil has been recovered will be of a scavenging nature. Some- 
where between 1% and 5% of oil will be found in the CO, remaining in the 
sand so long as CO, under pressures above say 600-800 p.s.i. is in con- 
tact with any residual oil in the sand. The rate of solution may be slow 
but if CO, be recycled slowly through the sand after the major portion of 
the oil is removed by the CO,: :Oil fluid, the remainder of the oil may, in 
time, be dissolved out by the CO,.- 

Considering solution of CO, in oil the time required may be divided 
into intervals, (a) the time required for CO, to reach the oil in the oil- 
sands. This rate may be in the neighborhood of 2 to 10 inches per day, (b) 
gioil fluid. This is accomplished fairly 
rapidly, (c) the time necessary for the fluid to dissolve all components of 


the time necessary to form the CO 


the crude or dissolve unreacted oil. This rate is influenced by rate of 
flow and turbulence of the fluid over the oil bearing sand. Turbulence can 
be ruled out. Rate of flow as well as amount of flow of fluid over oil 
bearing sand can be increased by oscillation or waves of pressure applied 
to the oil sands under treatment. Normally there will be two forces for 
causing the CO,:0il fluid to pass any given section of oil bearing sand, one 
being the flow from inlet to outlet wells and the other being the downward 
flow of the fluid as formed because of its higher specific gravity. 

The two forces, namely, increased permeability of the sand, and 


solution of oil in CO, 


may be expected therefore to assist in the removal 
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of oil after the major factor due to increased solubility of CO, in oil, 
has spent at least its initial effect. The oil dissolved out by the CO, 
may continue to drain from a sand made more permeable by the CO,, 
for several months after the initial flood of oil has passed. These two 
forces may be further briefly discussed. 

Referring to increased permeability of the sand there are several a 
factors that amplify this force in the recovery of oil from oil-sands; Of x 
common gases, under the pressures contemplated herein; CO, permeates 
the soil more readily than the other gases and thus may more readily ia 
permeate the oil-sand Caicium and magnesium carbonates and silicates 
partially or entirely, seal off some of the pres in an oil-sand thus ren- 
dering the oil in these pores less available to recovery. CO, in water 
(H,CO,) tends to dissolve these compounds and thus free the oil. Pres- a 
sures of around 100 p.s.i. or say concentration around about 1% CO, in 


‘ 
water would be ample to accomplish this dissolution but as the calcium 
and magnesium salts are converted to soluble bicarbonates they would * 
require at least 6 lbs. of CO, for each lb. of alkali salt dissolved. It Ee 
would mean that higher pressures must be maintained; (c) where sands f Bi 
have been water flooded, iron from the water used is precipitated in the ) a 
pores of the sand thus obstructing the free flow of oil through the sands. a 
19 CO, concentrations of the order mettioned in (b) above, will be re- Se 
quired to redissolve the iron to form the relatively soluble ferrous bi- 
carbonate; (d) Where sands have been water flooded the water oft times . 
introduces algae-like bacterial growths in the sand pores. These growths . 
will be destroyed by a change in pH of the sands. Here again, the pH of 7 
around 3.3 produced by CO, under presures of 100 p.s.i. and above may F 
accomplish this. This pressure of 100 p.s.i. is equivalent to a CO, x 
concentration of around 1% cO,; (e) Slightly alkaline or even neutral os 
waters introduced into an oil-sand containing clays frequently cause the e 


clay to swell or disperse. This interferes with the flow of oil. CO, 


above 100 p.s.i. (pH around 3.3) will prevent this swelling or dispersal. 
With respect to solution of oil in CO,, crude oil may be said to be 





<> 
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soluble in CO, to the extent of 1% -5%. The solvent power appears to 
vary with the density of the hydrocarbons dissolved. ! Thus CO, at 1, 000 
p.s.i. dissolves about 5% of the components of crude oil that are lighter 
in density than Diesel oil but dissolves less than 1% of oils of a density 
greater than Diesel oil. CO, apparently has solvent powers in the gaseous 
form when its pressure is above the critical that are similar to its solvent 
action when in liquid form. There are some reasons to believe that the 
solubility of oil in carbonated water is greater than its solubility in CO, 
gas alone. | 
The present invention may be applied to various types of fields 

including those where oil containing strata are present but natural 
production or pressure flow is not exhibited or where once exhibited has 








ceased, or where the pressures are not sufficient to yield sufficient quan- 
tities for economical recovery under the natural pressures prevailing in 

the strata; the invention may be applied to depleted, exhausted or abandoned 
fields; it may desirably be applied to fields which have previously been 
subjected to a fluid drive such as air, or natural gas, or which have been 
subjected to water flooding; that is, it may be applied in general to any 
subterranean oil containing strata or formations which do not lend them- 
selves to economical recovery by the methods of secondary recovery or- 
dinarily heretofore practiced. And the method of the present inventions 
may be applied to various types of geological structures of the character 
set forth including consolidated and unconsolidated sands, limestone for- 
mations, etc. The methods may be employed in the recovery of oils of 
any character including paraffinic base, naphthenic nase, and asphaltic 
base oils. Although with paraffinic base oils, a higher overall recovery 
of the hydrocarbons from the strata may be obtained than with asphaltic 
oil recoveries, the naphthenic base oils giving recoveries more closely 
analogous to the yields obtained with paraffinic oils. Thus, there isa 
greater recovery of oils with lighter density than those of heavier density, 
but in all instances the overall recoveries by the methods of the present 
invention far exceed those possible with prior art methods. 
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As evidence of selective activity of the present process, is the fact 
that the carbon dioxide at the high pressures referred to selectively re- 
moves oil rather than connate water from the oil bearing strata and this 
selectivity is very much more marked at the high pressures than at the 
low pressures. The increase in such selective action is further evidenced 
as the presure increases within the ranges set forth above. 

The methods of the present invention may be practiced in any de- 
sired manner and in any combination with other steps so long as the treat- 
ment referring to use of carbon dioxide per se includes passing carbon 
dioxide under a pressure of at least from 600 to 700 p.s.i. through a 
subterranean oil or hydrocarbon containing stratum with recovery of the 
hydrocarbons from the effluent. Thus, the carbon dioxide may be used 
without other additions or other treatments, in substantially dry condition 
and is particularly effective when used in this way in secondary recovery 
processing. It is possible that at the end pressures mentioned, carbon 


dioxide may be very effective in reducing the viscosity of the oil in the 


strata, in support of which the following may be noted: 
(1) The viscosity of liquid CO, 
as compared with a viscosity of 1.0 centipoises for water at 20°C. 
(2) The solubility of CO, is unexpectedly higher than the solubility 
in water or brine as shown by the following test data: 


Solubility of Carbon Dioxide in Brines 
and Crude Oils at Elevated Pressures 


at 840 p.s.i. is .071 centipoises 


Solubility, Cu. ft. 
Spec. Grav. Tempera- Pressures, CO2 (S. T. P. *) per 

Liquid at 21°C. ture,°C. Ibs/sq.in. Cu. ft. of liquid 
Distilled Water 22 735 27.2 
_ i 22 735 28.5 
Sea Water 22 210 9.5 
22 205 19.4 
21 155 24.3 
21 755 24.9 
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_ Solubility, Cu. ft. 
Spec.Grav. Tempera- Pressures, CO2 (S. T. P. *) per 
Liquid at 21°C. ture, °C. Ibs/sq. in. Cu. ft. of liquid 


(Continued) 


Sea Water 22 195 26.1 
Brine No. 19 220 7.3 
19. 520 15.4 
19 720 19.4, 20.4 
19 210 4.2 
19 525 9.3 
19 730 11.9 
19. 730 11.7 


Rodessa #84544 
(paraffin base) , 
Crude Oil : 20.5 


32 
194 


230, 290, 270 
| 


Webster #83031 
(Mixed Naphthenic : 
base) Crude Oil 0.874 : 20.3 


H : 59 
: 129 

127 
112 


Bartlesville (Mixed 
Naphthenic base) ! 
Crude Oil 0.838 21 760 216 


Composition of brines, parts per million 
#5 #5-A 
Calcium 7261 14522 
Magnesium 1686 3372 
Sodium 32128 64256 
Chlorine 67320 134640 
Total Solids 108, 395 216, 790 
* Standard Temperature and Pressure 
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| The ten-fold increase in solubility of the CO, in the Rodessa Crude 
Oil is to be particularly noted as compared with the 3-fold increase of 
solubility in the brine as the pressure is increased from 200 p.s.i. to 
800 p.s.i. In comparison with the foregoing data, the solubility of com- 
pressed air in brine is about 0.60 cu. ft/cu. ft. solvent at 770 p.s.i. 

(3) Observations made in the course of the solubility tests indicated 
that there was a large increase in the volume of the oil during the solu- 
bility test at high pressures for example (750-800 p.s.i.). This increase 
appeared to be in the neighborhood of 20%. 

Accordingly in connection with the use of carbon dioxide under 
pressure in accordance with the present invention, the action may be 
visualized as a "washing" process, wherein the oil in immediate contact 
with the carbon dioxide pressure front becomes saturated with carbon 
dioxide and tends to swell with a resulting decrease in viscosity. The 
substantially more fluid liquid thus formed, then proceeds to wash the 
sand preceding it as it is forced through the strata. 

If desired, adjuvants may be added to the carbon dioxide for par- 
ticular purposes. Thus methane or natural gas in small amounts may be 
added, or other gaseous aliphatic hydrocarbons both saturated or un- 
saturated included. 

The carbon dioxide may be used in solution as for example as car- 
bonated water at pressures indicated above such carbonated water being 

employed as a carbonated water drive which is very effective in 
the recovery of oils from subterranean strata at the high pressures indi- 
cated. For such purposes carbonated water may first be prepared and 
then introduced at the desired pressures into the subterranean stratum. 
Since carbonation of water by carbon dioxide takes place extremely rapidly, 
at the high pressures referred to, a stream of water and of carbon dioxide 
at the pressures indicated may be passed intermittently or concurrently 


into the input well whereupon carbonation takes place rapidly and the car- 
bonated water will be introduced into the stratum undergoing treatment. 
The fact that carbonated water may be effectively employed to pro- 
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duce high recoveries of hydrocarbons such as oil from strata containing 

t he same, enable the present process to be applied effectively to many 

fields which have been flooded in prior art secondary recovery methods. 
For such purposes the carbon dioxide under the pressures indicated may 
be introduced directly into the water flooded field producing carbonation 
of the water in situ and driving the carbonated water into the formations 
to produce effective recoveries of hydrocarbons therefrom. 

Where carbonated water is employed, it may be used as the only 
drive, or it may be used in conjunction with other fluid drives as for 
example and particularly with carbon dioxide drives at the pressures of 
the order indicated. The carbonated water may be forced into the stratum 
first followed by introduction of the carbon dioxide per se under the pres- 

sures indicated or the dry carbon dioxide may first be introduced 
into the subterranean strata followed by the carbonated water. Where 
carbonated water at the pressures indicated is utilized for introduction 
into the subterranean strata, after the carbonated water has been intro- 
duced, an air or methane or other fluid drive may be employed. Where a 
com bination of treatment with dry carbon dioxide followed by a liquid 
drive is employed, the oil bearing horizons may first be conditioned with 
carbon dioxide at pressures of the order indicated followed by a water 
drive in which the water contains no carbon dioxide or in which some 
carbon dioxide is dissolved. : 

In lieu of carbonated water, carbonated brine or other carbonated 
aqueous solutions of carbon dioxide solubility modifying component may 
be employed in the same way as given above for carbonated water. It 
should be noted that the matter given above with respect to the use of 
carbonated brine or other carbonated aqueous solutions of carbon dioxide 
solubility modifying components apply in this case. It is important to 
note that the use of carbonated brines, gives the highest percentage re- 
covery of hydrocarbons from subterranean formations. 

Another procedure which may be employed is the introduction of 


carbon dioxide with intermittently varying high and low pressure action 
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where at some stages of such treatment carbon dioxide at high pressures 
of the order indicated above is employed. Increased recoveries may be 
obtained by the utilization of intermittent high and low pressure action of 

carbon dioxide is indicated possibly due to the expansion of the 
gases filling the rock cavities thus driving out oil along with connate water 
or other water which may have been introduced. 

Another procedure is to subject the oil well to an initial CO, drive 
at pressures below 500 p.s.i. and then follow this with a water or brine 
drive at substantially higher pressures. It is therefore possible, by sub- 
jecting the strata to this intermittent water or brine and CO, drive, to 
use a relatively low pressure CO, drive and a high pressure water or 
brine drive. In this way an effective pressure of CO, above 600 p.s.i. 
may be obtained as a result of the high pressure water or brine drive. 

The time element, namely the length of time that the treatment is 
carried out in utilizing carbon dioxide under high pressures in accordance 
with the present invention, involves a number of considerations. The 
treatment should be carried out for a sufficient length of time to produce 
a hydrocarbon or oil recovery from the effluent that is economically jus- 

t ifiable. The actual time involved will necessarily depend on a number of 
factors including the nature of the strata or formation, the character of 
the oil therein contained, the pressures employed, the form in which the 
carton dioxide is employed namely whether as a gas, or in solution as in 
highly carbonated water, etc. It is therefore difficult to specify individual 
time treatments except in a comparative way. It is however important to 
note that with carbon dioxide under high pressures as taught herein, the 
bulk of the oil or hydrocarbon in the strata may be removed in periods of 

time that are much shorter than with any of the other fluids, and 
for a given recovery by the use of carbon dioxide under high pressures, 
most of the hydrocarbons or oil recovered are obtainable in the first 
fraction of time of treatment. Thus under a given set of conditions where 
oil was removed from sands of relatively high porosity by the use of car- 
bon dioxide under high pressure, it was found that nearly the same amount 
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of the oil was removed from the sands in one-fourth of the time as was 
obtained in the full period of treatment, that even in one-sixth of the 
time a large fraction of the removable oil was obtained, and in periods 
as short as one-twelfth of the full period of treatment, significant amounts 
of the recoverable oil were also obtained. | 

The utilization of carbon dioxide under high pressure as taught 
herein for the recovery of hydrocarbons and oils from subterranean strata 
may be employed as set forth above without any initial treatment or pre- 
treatment of the formation or strata from which the oil or hydrocarbons 
are to be recovered. However if desired, the formation may be subjected 
to various types of treatments before utilizing the carbon dioxide methods 
of the present invention. For example the formation may be treated to 
make it more permeable to oil and less permeable to water, acidizing 
treatments may be utilized, etc. These various treatments as stated may 
be employed prior to the carbon dioxide treatment in accordance with the 
present invention. Insofar as acidizing is utilized, , it is not essential 
since the carbon dioxide employed in accordance with the present inven- 

tion, particularly in the presence of water, itself acts as an acid to 
produce acidizing of the formation. | 

The system employed for utilizing the carbon dioxide treatments at 
high pressure set forth herein may in general make use of the equipment 
which has heretofore been employed in the use of various types of fluid 
drives, modified however where necessary to provide the high pressure 
operations required in accordance with the present invention. To exem- 
plify systems that may be employed in carrying out the present invention 
and referring to the drawing, Figure 1 isa diagrammatic representation 
of a system employed in secondary recovery utilizing an input well into 
which the treating agents are introduced and passed into the strata to be 
recovered through the output well. As there shown, carbon dioxide en- 
tering from any desired source through inlet pipe 1 passes through com- 
pressor 2 where its pressure is raised to the order of pressures set forth 


above for use in the present invention, passing from compressor through 
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pipe 3 by way of head 4 into the input well 5 which conducts the carbon 
dioxide under the desired pressure into subterranean oil strata or forma- 
tions 6. The high pressure carbon dioxide passes through such oil struc- 
ture 6 driving out and/or carrying with it oil and other hydrocarbons re- 
moved from such oil structure which effluent enters outlet well 6A and is 
removed therefrom through head'7 by valved pipe 8 into separator 9 where 
separation is made between the liquids and gases, liquids being withdrawn 
through valve outlet 10 and gases being removed through valved outlet 11; 
the liquid products may then be worked up as desired. Gaseous hydrocar- 
bons in the effluent gases removed through the pipe 11 may be re- 
covered from such gases by appropriate treatment and the carbon dioxide 
recycled. Unless removed therefrom, such recycled gases when em- 
ployed may carry gaseous hydrocarbons such as methane obtained from 
the oil structure and may be utilized to enhance the action of the carbon 
dioxide without additions from external sources. The operation of the 
system has been described where carbon dioxide alone is employed. 
Where it is sought to modify the action of the carbon dioxide by ad- 
dition of other agents, these may either be introduced with the carbon 
dioxide through the inlet 1, or such adjuvants or other treating agents 
may enter through valved inlet pipe 12 into pump 13 and injected through 
vaived inlet pipe 14 at the desired pressures into the head 4 where such 
injected adjuvant or additional treating agents mix with the carbon dioxide 
under pressure entering the head 4 through the pipe 3. Where water or 
brine is employed together with the carbon dioxide it may be introduced 
in this way through the pipe 12, pump 13 and pipe 14. Or carbonated 
water or brine may be introduced in this way. Or any adjuvant gases 
such as methane may be introduced in this way. Water or brine when 
introduced simultaneously with the carbon dioxide will undergo carbona- 
tion quite rapidly in view of the high pressures prevailing in the con- 
current movement of water and carbon dioxide down through the input well 
5 so that the water orbrine as it arrives in the oil structure 6 or in part 
during its passage through the oil structure 6 is subjected to car- 
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bonation. Instead of concurrent feeding of adjuvants together with the 


carbon dioxide intermittent operation may be carried out the carbon dioxide 
being introduced intermittently to the introduction of other added agents 
such as water or brine, carbonated water or brine, | methane, etc. 
In Figure 2, a diagrammatic vertical section is shown of an alterna- 

tive input well that may be employed in secondary oil recovery for example, 
in lieu of the input well of Figure 1. In this case the input well 15 is pro- 
vided with separate induction pipes 16 for the carbon dioxide under high 
pressure and 17 for adjuvant liquids such as water or brine, or for the 
use of carbonated water or brine, or for other gases. Where no casing- 
head is employed in the well, a packer 18 may be utilized near the bottom 
of the well. An input well of the type shown in Figure 2 may be employed 
in lieu of that shown in Figure 1 for the input well there illustrated, the 
system in utilization otherwise being like that described above in connec- 
tion with Figure 1. In this case, it will be noted that it is possible to use 

a carbon dioxide drive under high pressure to force any liquid previously 
introduced through the pipe 17, into the oil structure formation 6 or a 
liquid drive may be utilized subsequent to a treatment with carbon dioxide 





under high pressures introduced through the pipe 16. Any variation in 
procedures may readily be employed in this system similar to that in 
connection with Figure 1. In the use of systems of the character shown 

in Figure 1 and 2 for secondary recovery, the number of output 
wells per input well will be determined in accordance with the usual 
practice in the art and may of course vary depending on the particular 
conditions. 

The methods of the present invention may be employed to carry out 
treatments in a single well which serves both for input and output pur- 
poses, as illustrated in Figure 3. In this case, the well 19 provided with 
casing-head 20 is supplied with valved inlet pipe 21 which may be employed 
for the carbon dioxide under pressure and valved inlet pipe 22 for any 
adjuvant, these pipes being shown as concentric and extending down to the 
oil formation 6. The carbon dioxide under pressure and any other ad- 


juvants or liquids to be employed concurrently or intermittently or 
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otherwise with the carbon dioxide under pressure are introduced in the 
same manner as described above for the systems of Figures 1 and 2. 
The injected fluids will permeate into the oil formation 6. After treat- 
ment for the desired length of time, the introduction of carbon dioxide 
and other materials is discontinued, and effluents then taken off from the 
well 19 utilizing the same pipes 21 or 22 for withdrawal or separate re- 
moval pipes may be employed. Similar arrangements may be employed 


in systems where the carbon dioxide is introduced at the top of the well, 


and recovered oil withdrawn from the bottom, such practice being indicated 
in certain oil horizons. 
The following data illustrate results obtainable with the present in- 
vention. In the treatment of an unconsolidated sand having a porosity of 
about 34% and being at about 53.8% saturation with a paraffin base 
oil (Rodessa Crude Oil), at low pressures (20 p.s.i.), carbon dioxide 
does not show any superiority over methane and nitrogen in the recovery 
of oil from the sand, but beginning at about 125 p.s.i., the carbon dioxide 
shows a superior recovery. At 600-650 p.s.i. the carbon dioxide recovery 
increases sharply, reaching a maximum at about 950-1000 p.s.i., at 
which maximum the carbon dioxide recovery is from about 85-90% whereas 
for methane it is about 62%, and for nitrogen it is about 51%. 
Where the length of treatment was for shorter time intervals, i.e., 
one fourth of the period used above, the superiority of carbon dioxide 
was even more marked; thus on the same unconsolidated sand as that set 
forth above the percent of oil, by weight, recovered was: 
Pressure Cco2, No CH4 Air 


500 p.s.i. 51.5 32.6 38.7 37.8 
600 p.s.i. 59.8 32.8 46.7 39.2 
700 p.s.i. 73.5 28.3 38.3 30.1 
810 p.s.i. 74.1 A ae | 40.5 23.4 
In runs of one-sixth the initial period, the recoveries were: 
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p.s.i. % oil removed 
pressure ‘by weight 


500 : 50.0 
815 70.4 
500 31.6 
800 (36.9 
500 82.0 
810 26.5 
In runs of one-twelfth the initial period, the recoveries were: 


p.s.i. % oil removed 
pressure ! by weight 
500 49.5 
825 67.6 
500 | 29.5 
800  :16.2 
500 | 22.9 
825 20.6 
In comparative runs, on an unconsolidated sand carrying a mixed 
naphthenic base oil (Webster Crude Oil), the conditions otherwise being 
the same as set forth above, the recoveries were: : 
p.s.i. x oil removed 
Gas pressure _ by weight 
CO, 500 39.2 
820 58.7 
Ny 500 | 9.8 
820 20.1 


The superiority of carbon dioxide is emphasized by first treating 
the sands with methane or nitrogen, and then following the treatment using 
carbon dioxide. For example, a treatment with methane in three consecu- 
tive runs gave a total oil recovery of 16.6%, which sands when treated 
with carbon dioxide at an equivalent pressure gave an oil recovery of 
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27.6% in a single run and at increased pressures gave an additional 
recovery of 27.6%. 

Similarly for nitrogen, three consecutive runs yielded a total of 
only 19.8% despite an increase in pressure to 1700 pounds. With carbon 
dioxide at 875 p.s.i. on the residual sand, the oil recovery was 44.6% 
by weight. 

Comparative results on sands of low porosity carrying paraffinic 
base oils which sands were crushed prior to the treatment, are the 
following: 

p.s.i. % oil removed 
pressure by weight 
500 14.4 
825 52.7 
500 6.9 
825 2.3 
500 3.3 
825 9.7 
1000 9.5 


Comparative results with respect to carbon dioxide, carbonated 
water, and water (uncarbonated), under identical conditions, give much 
higher recoveries of oil for carbon dioxide and carbonated water, than is 
obtained by water (uncarbonated), carbonated brine gives even greater 
recoveries than carbonated water or carbon dioxide gas. 

Having thus set forth our invention, we claim: 

1. A method of treating a subterranean hydrocarbon bearing forma- 
tion which comprises contacting said formation with carbon dioxide at an 
effective pressure of at least 600 p.s.i. in the presence of an aqueous 


solution of a CO, solubility modifying component to produce an effluent 


containing hydrocarbons, and recovering hydrocarbons from the effluent. 
2. A method of treating a subterranean hydrocarbon bearing forma- 
tion which comprises contacting said formation with carbonated brine 
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containing at least 2 cu. ft. of CO, per cu. ft. of carbonated brine. 

3. A method of treating a subterranean hydrocarbon bearing forma- 
tion which comprises passing carbon dioxide into the formation at a pres- 
sure of at least 600 p.s.i. in the presence of brine, | to produce an ef- 
fluent containing hydrocarbons and recovering —— from the ef- 
fluent. : 

4. A method as set forth in claim 3 in which the brine is present 
in the formation as a brine invaded horizon. : 

5. A method as set forth in claim 3 in which brine and carbon 
dioxide are both introduced into the formation. 

6. A method as set forth in claim 5 in which ¥ brine and carbon 
dioxide are introduced simultaneously. : 

7. A method as set forth in claim 5 in which the brine and carbon 
dioxide are introduced intermittently. 

8. A method as set forth in claim 7 in which the carbon dioxide 
is introduced prior to the brine. 

9. A method as set forth in claim 7 in which the brine is present 
prior to the introduction of the carbon dioxide. | 

10. A method as set forth in claim 7 in which the carbon dioxide and 
brine are introduced in repetitive alternation. | 

11. A method of treating a subterranean hydrocarbon-bearing 
formation which comprises contacting said formation with carbon dioxide 


at an effective pressure of at least 600 p.s.i., and with carbonated brine 


and recovering liberated hydrocarbons. | 

12. A method as set forth in claim 11 in which the carbon dioxide 
and the carbonated brine are introduced simultaneously. 

13. A method as set forth in claim 11 in which the carbon dioxide 
and the carbonated brine are introduced intermittently. 

14. A method as set forth in claim 13 in which the carbon dioxide 
is introduced prior to the brine. 

15. A method as set forth in claim 13 in which the carbon dioxide is 
introduced subsequent to the brine. 
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16. A method as set forth in claim 13 in which the carbon dioxide 
and brine are introduced in repetitive alternation. 

! 17. A method of recovering hydrocarbons from a hydrocarbon 
bearing formation penetrated by an input well and an output well communi- 
cating through a formation with the input well, which comprises intro- 
ducing in the presence of brine, carbon dioxide through the input well 
into the formation at an effective pressure of at least 600 p.s.i., with- 
drawing effluent through the output well, and recovering hydrocarbons 
from said effluent. 

18. A method as set forth in claim 17 carried out with carbonated 
brine. 

19. A method as set forth in any of the preceding claims in which 

the formation is given a preliminary treatment with a non-carbon-dioxide 
drive. 

20. A method of treating a subterranean hydrocarbon bearing forma- 
tion carrying deposits of solids which interfere with recovery of hydro- 
carbons from said formation, said method comprising treating said forma- 
tion to open up said deposits, and contacting said formation with carbon 
dioxide at an effective pressure of at least 600 p.s.i. in the presence of 
an aqueous solution of a CO, solubility modifying component to produce 
an effluent containing hydrocarbons, and recovering hydrocarbons from 
the effluent. 

21. The method as set forth in claim 20 in which the initial treat- 
ment of the deposits is with carbon dioxide. 

22. The method of claim 21 in which the carbon dioxide is used at 
super atmospheric pressure below 600 p.s.i. 

23. The method as set forth in any of claims 20-22 in which the 
initial treatment is with a solution of carbon dioxide. 

24. The method as set forth in any of claims 20-22 in which the 
initial treatment is with a brine. 

25. The method as set forth in any of claims 20-24 in which the 
initial treatment is with a solution of carbon dioxide in a brine. 
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26. The method as setrforth in any of claims 20-25 in which the 
initial and subsequent treatments are carried out successively. 

27. The method as set forth in any of claims 20- 25 in which the 
treatment of the deposits and the production of effluent is carried out 
simultaneously. 

28. The method as set forth in any of claims 20-25 in which car- 
bon dioxide is passed into the formation at super atmospheric pressure 
until said solid deposits susceptible to carbon dioxide action are opened 
up sufficiently to permit effective action on the oil therein and the carbon 


dioxide is continued to be passed into the — at a pressure of at 


least 600 p.s.i. to produce the effluent. 

29. The method as set forth in any of claims 20-28 in which the 
deposits are alkaline earth compounds. 

30. The method as set forth in claim 29 in which the deposits are 
carbonates. : 

31. The method as set forth in claim 29 in which the deposits are 
silicates. 

32. The method as set forth in any of claims 20-29 in which the 
deposits are iron compounds. : 

33. The method as set forth in claim 32 in which the deposits are 
iron carbonates. 

34. The method as set forth in any of claims 20-28 in which the 
deposits are bacterial growths. 

35. The method as set forth in any of the preceding claims in 
which the carbon dioxide is maintained under pressure of at least 600 
p.s.i. throughout the area of the formation affected by the said carbon 
dioxide. : 
36. The method as set forth in any of the preceding claims in 
which the carbon dioxide is introduced in stages of different pressures, 
the pressure in at least one stage, being not less than 600 p.s.i. 

37. The method as set forth in any of the preceding claims in which 


the formation after treatment with carbon dioxide at an effective pressure 
| 
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of at least 600 p.s.i. in the presence of an aqueous solution of a CO, 
solubility modifying component to produce an effluent containing hydro- 
carbons, is given a subsequent treatment with a non-carbon dioxide 
drive. 

38. The method as set forth in any of the preceding claims in 
which the treatment of the formation with carbon dioxide under pressure 
of at least 600 p.s.i. in the presence of an aqueous solution of a CO, 
solubility modifying component is carried out for a period of time sub- 
stantially less than that required with a drive using a prior art secondary 


recovery agent other than CO, at said pressure, and hydrocarbons are 


recovered from the effluent ia amounts substantially greater than that 
obtainable in such prior art practice. 

39. Methods, apparatus and products as herein set forth. 
/s/ James W. Martin 
/s/ Frederick A. Hessel 
/s/ Irving P. Hammer 


/s/ John B. Rust 


State of New Jersey : 


County of Essex 


Irving P. Hammer, one of the above named Petitioners, being duly 
sworn, deposes and says that he is a citizen of the United States, anda 
resident of Belleville, County of Essex, State of New Jersey; that he 
verily believes himself and James W. Martin, Frederick A. Hessel, and 
John B. Rust, to be the original first and joint inventors of the improvements 
in 

HYDROCARBON RECOVERY FROM THE EARTH 
described and claimed in the annexed specification; that he does not know 
and does not believe that the same was ever known or used before their 
invention or discovery thereof, or patented or described in any printed 
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publication in any country before their invention or discovery thereof, 
or more than one year prior to this application, or in public use or on 
sale in the United States for more than one year prior to this application; 
that said invention has not been patented in any country foreign to the United 
States on an application filed by them or their legal representatives or 
assigns more than twelve months prior to this application; and that no 
application for patent on said improvements has been filed by them or 
their legal representatives or assigns in any country foreign to the United 
States. 

/s/ Irving P. Hammer 
Sworn to and subscribed before me this 29th day of June, 1949. 

/s/ Antoinette M. Hessinger 

Notary Public of N. J. 


My commission expires 
April 24, 1954. 


State of New Jersey : 


County of Essex 


Frederick A. Hessel, one of the above named Petitioners, being 
duly sworn, deposes and says that he is a citizen of the United States, 
and a resident of Upper Montclair, County of Essex State of New Jersey; 
that he verily believes himself and James W. Martin, Irving P. Hammer 
and John B. Rust to be the original, first and joint inventors of the im- 
provements in 

HYDROCARBON RECOVERY FROM THE EARTH 
described and claimed in the annexed specification; that he does not 
know and does not believe that the same was ever known or used before 
their invention or discovery thereof, or patented or described in any 
printed publication in any country before their invention or discovery 
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thereof, or more than one year prior to this application, or in public 
use or on sale in the United States for more than one year prior to this 
application; that said invention has not been patented in any country 
foreign to the United States on an application filed by them or their 
legal representatives or assigns more than twelve months prior to this 
application; and that no application for patent on said improvements 
has been filed by them or their legal representatives or assigns in any 
country foreign to the United States. 


/s/ Frederick P. Hessel 
Sworn to and subscribed before me this 29th day of June, 1949. 


/s/ Antoniette M. Hessinger 
Notary Public 


State of New York 


County of Westchester : ae 


James W. Martin, one of the above named Petitioners, being duly 
Sworn, deposes and says that he is a citizen of the United States, anda 
resident of Tuckahoe, County of Westchester, State of New York; that he 


verily believes himself and Irving P. Hammer, Frederick A. Hessel and 


John B. Rust to be the original first and joint inventors of the improve- 
ments in 

HYDROCARBON RECOVERY FROM THE EARTH 
described and claimed in the annexed specification; that he does not know 
and does not believe that the same was ever known or used before their 
invention or discovery thereof, or patented or described in any printed 
publication in any country before their invention or discovery thereof, 
or more than one year prior to this application, or in public use or on 
sale in the United States for more than one year prior to this application; 
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that said invention has not been patented in any country foreign to the 
United States on an application filed by them or their legal representatives 
or assigns more than twelve months prior to this application ; and that no 
application for patent on said improvements has been filed by them or 
their legal representatives or assigns in any country foreign to the United 
States. : 
/s/ James W. Martin 
Sworn to and subscribed before me this 1st day of July, 1949. 

/s/ Sally Spencer 

Notary Public 


State of New Jersey : 
- ss: 
County of Essex 


John B. Rust, one of the above named Petitioners being duly sworn, 


deposes and says that he is a citizen of the United States, and a resi- 
dent of East Hanover, County of Morris, State of New Jersey; that he 
verily believes himself and James W. Martin, Freder‘ick A. Hessel and 
Irving P. Hammer to be the original, first and joint inventors of the im- 
provements in | 

HYDROCARBON RECOVERY FROM THE EARTH 
described and claimed in the annexed specification; that he does not know 
and does not believe that the same was ever known or used before their 
invention or discovery thereof, or patented or described in any printed 
publication in any country before their invention or discovery thereof, 
or more than one year prior to this application, or in public use or on 
sale in the United States for more than one year prior to this application; 
that said invention has not been patented in any country foreign to the 
United States on an application filed by them or their legal representatives 
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or assigns more than twleve months prior to this application; and that no 
application for patent on said improvements has been filed by them or 
their legal representatives or assigns in any country foreign to the 
United States. 

/s/ John B. Rust 
Sworn to and subscribed before me this 29th day of June, 1949. 

/s/ Antoniette M. Hessinger 

Notary Public 


e e e ° e 


(SEAL) 














. on) 
Peer ae 2 st a 


SOOPPIOFOPOBOLELSOIBPOBEDPEMEEDEBDLEESE 


PA 


> 


o's Gone 


OIL STRUCTURE 


1032376 | 

PLAINTIFF'S EX. 

PRINT OF D 
ORIGINALLY FILED 













DRAWING as Lf 





Sd 
> 








103236 


oe 


9LAINTIFF’S 





¢ 


\ 


AAI 


PRINT O 





ti 
ORIGINALLY FILED 


2! 
Ld 
io 
Pl 20 
ff Of 
“Cy : 
fog 
of 





. 
Pe SS Pak SVEN WAS Bn wn see waZS 145 thy ZV SWF ls BE 


NNR NVSR Awe reseewenrmewasemuserenrarrmrenesrananaanireunaennrauualuuaccenensanacas 


6 SVS SFCVMC SV SPVCVC SVS VCSVT VV sVsSesesVst FS VSsVsVVE SV Sst FS VCs BVPrtsVseSesVlWC VWI SH VVW VP VeBVVBPSsBVQVCsI{SBBsVSVSssses sx ewes . & 
- 62 pe - = pa y soba - 
i % Gy cA S l%** s ° 
P.) (eV Gs SANS se ry OEMs] = vi, 
. ae oan 
4) 2g ae 
a 
o . 
= 
al wee 





TE NSORLLYS Sty GY NT SAS Min NS Ga Be S WW 5 ed SemtE. 


ooo SoS oS & SS So OSS DS DD DDD DDD DD DE DDD DD DDD DDD OS OY SSS 1 2 > > & D> bb Db > > > DD DD DS DD DDD! 


ak 























SSS 


SON 





SS 


—_— ee sean eean RRSP SSS ews Sess sss VS SesSWSsesses VS ee ese sweMAees swe sy_esaeeye esas sees eure 
TAL UPd & F “eesereR- PY y Pe at ar ‘ } “37°23 17 res 7 
2s ei AUB... BVA <4 1a tiel F aS OK 3 


SY 


wr 


SS 


ST COPY AVAILABLE] 225 





PLAINTIFF'S EX. 4 


the original bound volume} = ne pARTMENT OF COMMERCE : 


United States Patent Office 
Washington 


Please find below a communication from the 
EXAMINER in charge of this application. 


John A. Marzall 
Commissioner of Patents 


Division: 49 | 
Sol Shappirio Applicant: James W. Martin 
et al 
Washington Loan & Trust Bldg. Ser. No. 103,236 
Washington 4, D. C. Filed July 6, 1949 


For HYDROCARBON RECOV- 
ERY FROM THE EARTH 





This application has been examined. 
References made of record: ? 
Russell (1) 1,511, 067 Oct. 7, 1924 166-1 F 


Small 1, 843, 002 Jan. 26, 1932 166-13 
Minor 656, 466 Aug. 21, 1900 166-21 
Russell (II) 1, 658, 305 Feb. 7, 1928 166-21 xr 


In the specification, page 28, lines 21, 22 and 24, the numerals "6" 
should read as --S--, and the expression "6A" should P changed to --6-- 
to comply with the submitted drawings. | 

Claims 1 to 38 are rejected as being unpatentable over Russel (I) or 
over Russell (I) modified in view of Russell (Il). Russell (I) discloses a 
method of treating a well whereby a water drive or flood with carbon 
dioxide dissolved therein is applied to an input well and forced to an out- 
put well. However, on page 2, Russell (I) says his process can be used 
with salt water, and his gas might be dissolved into the treating fluid 
prior to its introduction into the well. Therefore, applicants' only pos- 
sible deviations from the reference lie in the pressure used and the inter- 
mittent application of his driving fluid and gas. Russell (Il) clearly sug- 
gests the intermittent application of carbon dioxide and a driving fluid, 
and there would be no invention involved in applying Russell's (I) fluid and 


gas as taught by Russell (II). The pressures and concentrations set forth 
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48 
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by applicants are well within the purview of the Russell disclosures. For 
instance, Russell (I) says his process can be used on any and all 
wells even before they have stopped flowing; and since it is not uncommon 
for wells to have rock formation pressures of over 600 or 950 pounds per 
square inch, Russell's pressure would necessarily exceed such values 
to permit the introduction of his gas and fluid. Also, another purpose of 
Russell's process is to reproduce the original conditions in the formation 
which indicates the use of pressures of great magniture. In any event, 
applicants’ disclosed pressures would be the result of obvious experi- 
mentation with Russell's processes by one skilled in the art and would 
involve no acts of patentable moment. In claims 19 and 37 there would be 
no invention involved in continuing Russell's water drive after his process 
is completed. In addition, the procedure of claims 22 and 36 might re- 
sult in a pressure below 600 pounds per square inch which applicants have 
indicated as being critical. Furthermore, it is not seen how applicants' 
initial treatment improves the results of their process. In any event, 
Russell's (I) intermittent treatments might be treated as initial and sec- 
ondary steps. The limitations in claims 29 to 34 are met by Russell since 
he applies his process to any type of well formation. Furthermore, such 
limitations cannot be the basis for patentability since they are not caused 
by any manipulative steps in applicants’ process. 

Claims 19 and 23 to 38 are further rejected as being improper 
dependent claims. Applicants may not have claims dependent on more 
than one preceding claim, since such claims must be in immediate con- 
secutive order. Ex parte Hill, 1924 C.D. 21, and the provisions of R.S. 
4888 must be met by particularly pointing out and distinctly claiming the 
invention. 

Claim 20 is still further rejected as being an improper method 
claim. The first step of applicants’ process is improperly expressed in 


terms of results rather than in terms of actual manipulative steps. In 


re West, 77 USPQ 98; In re Caunt, 1936 C.D. 205. 
Claim 38 is still further rejected as being functional and indefinite. 
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ee Applicants have attempted to claim their process in terms that compare 
the prior art, and such a claim is functional and indefinite and should 
e only include applicants' manipulative steps and not what others have done. 
> Claim 39 is rejected as failing to "particularly point out and dis- 
_ tinctly claim" the invention as required in R.S. Sec. 4888. 
Claims 1 to 39 are rejected. : 
* No claim is allowed. | 
A E. L. Sheffield 
v Examiner 
. [U.S. Patent Office, Dec. 14, 1950] 
49 IN THE UNITED STATES PATENT OFFICE 
a In re application of | 
™ James W. Martin et al; for 
Hydrocarbon Recovery from the Earth; : 
Filed July 6, 1949; Div. 49 
Serial No. 103, 236. | 
E Commissioner of Patents, 
. Sir: | 
In response to office letter of June 13, 1950, please amend as fol- 
lows: ! 


Page 28 lines 21 and 22 change "6" to -- S -- : 

Page 28 line 24 change ''6A" to -- 6 -- : 

Claims 19 and 35-38, lines 1-2, change "any of the preceding claims" 

to -- claim 1 -- 2 
Claim 20 line 4 after "formation” insert -- es an agent -- 
Claims 23-24 line 1 change “any of claims 20-22" to --claim 20--. 
Claims 25 line 1 change "any of claims 20-24" to -- claim 20 -- 
Claims 26-28 line 1, change "any of claims 20- 25" to -- claim 20 -- 
Claims 29, 32, and 34 line 1, change “any of claims 20-28" to 

-- claim 20 -- 

Claim 38 line 6, cancel "prior art" 
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Claim 38 line 9 cancel "in such prior art practice" and substitute 
-- with said recovery agent other than CO, -- 

Cancel claim 39 without prejudice and substitute: 

40. The method as set forth in claim 20 in which the formation 
after treatment with carbon dioxide at an effective pressure of at least 
600 p.s.i. in the presence of an aqueous solution of a CO, solubility 
modifying component to produce an effluent containing hydrocarbons, is 
given a subsequent treatment with a non-carbon dioxide drive. 

41. The method as set forth in claim 20 in which the treatment of 
the formation with carbon dioxide under pressure of at least 600 p.s.i. 
in the presence of an aqueous solution of a CO, solubility modifying com- 
ponent is carried out for a period of time substantially less than that re- 
quired with a drive using a secondary recovery agent other than CO, at 
said pressure, and hydrocarbons are recovered from the effluent in amounts 
substantially greater than that obtainable with said recovery agent other 
than CO,. 

REMARKS 

Reconsideration is requested although corrections in the specifica- 
tion kindly suggested by the Examiner have been made and informalities 
in the claims eliminated. 

Rejected on Russel patents alone or in combination is untenable. 
Neither patent teaches that carbon dioxide is critically different from 

other fluids, nor that at a minimum pressure of about 600 p.s.i. 


such criticality enters into the picture with CO, in secondary recovery 


making it entirely different in character from any other fluid. Even more 
important, the effectiveness of CO, above the minimum critical pressure 
is greatly enhanced by the presence of solubility modifying components, 
such as brines. The results are wholly unexpected and unpredictable, 
and not even remotely taught in the cited art. 

Both Russell patents treat air and CO, and any other gas as 
equivalents. They may be in Russell's disclosure but they are not in 
applicant's. Beyond the minimum critical pressure of about 600 p.s.i., 





229 | 

PLAINTIFF'S EX. 4 
the action of.carbonated brines, etc. as taught herein is phenomenally 
different in kind from air, nitrogen, etc., and is even superior to CO, 
above about 600 p.s.i. Neither Russell patent shows applicants' critical 
lower pressures. Nor can such pressures be read into the patents. 

Russell (I) does not teach that he can use CO, with salt water in- 
sofar as the latter is a drive of any kind. What Russell teaches is that 
he can use his process for treatment of wells which have been flooded 
with salt water. But when he does so, he still teaches that CO, and water, 
not brine, are to be used. Therefore if it is dissolved in the liquid be- 
fore introduction, it is dissolved in water, not in brine. So that if 
Russell (II) shows intermittent CO, and water drive, that is all that one 
can make out of Russell (I) even if combined with Russell (II). 

The pressures, etc., employed by applicants are critical as re- 
peatedly emphasized in the specification and supported by definitive data. 
They are not within Russell's teachings for any of the reasons set forth 
above. The results obtained by applicants are phenomenal as compared 
with prior art practice. Criticality can never be read into disclosures 
which do not teach it, did not teach the art, and which disclosures at best 
suggest non-critical conditions. These considerations apply to the 
Examiner's argument based on rock pressures. Even if Russell's teach- 
ing is generally broad, it does not contemplate specific critical limiting 
conditions as discovered by applicants. That there may be rock pressure 
beyond 600 p.s.i. even if accepted by way of argument, is of little moment 
herein view of the fact that rock pressures far below it are common, 
and Russell does not point out any criticality in the field. Russell's pres- 
sure therefore does not necessarily exceed applicants’ critical lower 
limit. The same considerations apply to the argument based on repro- 
duction of "original conditions". If this basis for rejection is repeated, 
the Examiner is respectfully requested to cite the authority for the stated 
rock pressures and the conditions where they exist 50 that the matter 
may be further considered. : 


To say that applicants’ critical pressures are obvious experimen- 
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tation is not understood. The results obtained are phenomenal. And no 
one could possibly predict that a critical minimum would develop from 
data which shows no criticality. Note page 14 of the original 
specification, last paragraph, that: 
"These three points, namely increased solubility of CO, 
in oil, increase in viscosity of CO, , and increase in 
volume of the CO, :0il fluid, all at or within the critical 
range of pressures, have their effect in the acceleration 
of oil removal by CO,, by the factor of solvent action 
of oil on carbon dioxide." 
How could such discoveries be obvious or expected or anticipated? So 
that the cited art, wholly silent as to the critical pressures is utterly 
impertinent for these reasons alone. 

We do not understand the statement that claims 22 and 36 may 
result in a pressure below 600 p.s.i. Claim 22 is dependent through claim 
21 on claim 20 which definitely requires CO, at a pressure of at least 
600 p.s.i. Claim 36 dependent on claim 1 does the same and says so in 
its own terms. 

Nor do we understand how Russell's intermittent treatments of 
water and CO, can be treated as initial and secondary steps when both are 
conjointly required in Russell for his treatment. Thus Russell even if 
interpreted as suggested by the Examiner does not show a step of treat- 
ment with CO, below 600 p.s.i. and a step of treatment above 600 p.s.i. 
Applicants’ initial steps of treatment are important in preparing the 
formation for the critical treatment, as where deposits are removed or 
loosened or disintegrated and increase accessibility of the critical treat- 
ing agents under critical conditions. 

The rejection of claims 29-34 as met by Russell is untenable for 
analogous reasons. These claims like others discussed above require 
the treatment at a minimum critical pressure which is not shown in 
either Russell patent or any other art. Russell and the other art did not 


teach what would happen to formations having carbonate or silicate or etc. 
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deposits by the action of CO, above its minimum critical pressure in 

the presence of brine for example. Further the objection that such 
features cannot be a basis for patentability is not understood. Of course 
the deposit was not caused by applicants' treatment steps. But the re- 
covery of oil therefrom is controlled by applicants’ Bredeas, And that is 
proper process inventive subject matter. 

All dependent claims have been corrected to conform to current 
practice where any dependent claim depends only from an independent 
claim or else immediately succeeds the claim on which it depends. So 
that the amendment eliminates the objection. : 

While applicants' claim 20 is believed to have been proper because 
it was a combination of steps so that each step can if desired by functional, 
it has been amended to eliminate the objection by insertion of the treating 
agent. The cited decisions are not in point. The West case is not in 
point because in that case, the phrase relied on for patentability was not 
a step at all but like a "whereas" clause while the claim contained nothing 
different from that shown in the art. The same was true in the Count 

case in which the claim contained nothing different from the prior 
art. That is not true in applicants' case. However, the amendment 
eliminates the objection in any event since the treating agent is now in- 
cluded. ! 

As to claim 38, it has been amended to eliminate reference to "prior 
art". It now is complete in itself, is wholly self-contained, and is not 
functional nor indefinite. A standard of comparison may properly be used 
inaclaim. The manipulative steps are included, i. e., CO, under the 
minimum pressure in the presence of the modifying component for a 

short period of time with recovery of greater amounts of effluent than 
possible with air, etc. | 

Informal claim 39 has been canceled. : 

The newly added claims are patentable for the same reasons as 
urged above. Claims 40 and 41 are like claims 37 and 38 but depend 
from claim 20 instead of claim 1 and are necessary in view of the formal 
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amendment to claims 37 and 38. 

The Small and Minor patents are understood not to be specifically 
relied on for rejection but are impertinent for the same reasons as pointed 
out above as to Russell. Minor gives no pressures whatsoever in his 
process. But since the gas under pressure enters through K, it is diffi- 

c ult to see why the water would not be blown up through pipe D until the 
gas has a clear passage through it whereupon there would be little if any 
carbonation. Small heats solid CO, to vaporize it and clear the strainer 
(page 1 lines 45-50). Applicants’ critical pressures are not shown. Al- 
lowance is asked. 

Respectfully submitted, 
/s/ Sol Shappirio 
Attorney for Applicants 


DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 


Please find below a communication from the 
EXAMINER in charge of this application. 


John A. Marzall 
Commissioner of Patents 
Division: 49 - Room 5088 


Applicant: James W. Martin 
et al. 
Ser. No. 103, 236 


Filed July 6, 1949 


For HYDROCARBON RECOVERY 
FROM THE EARTH 


Sol Shappirio 
Washington Loan & Trust Bldg. 
Washington 4, D. C. 


Responsive to amendment filed December 13, 1950. 
Additional reference applied: 
Petroleum Dictionary for Office Field and Factory, Fourth Edition Porter, 
1948, page 230 (Copy in Division 49) 


Applicants’ remarks have been considered. The claims are deemed 
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to be too broad and indefinite in that applicants do not specify the upper 
limit of the pressure of the carbon dioxide nor the temperature. Thus, 
it is not clear whether the carbon dioxide is ina gaseous or liquefied 
state. The setting forth the results or function performed is not sufficient 
to distinguish the claims from the patents to Russell. This patent discloses 
the injection of carbon dioxide and water into a formation for the purpose 
of facilitating the removal of oil therefrom. The above cited Petroleum 
Dictionary defines rock pressure as a pressure equivalent to that of a 
column of water extending from the formation to the surface of the ground. 
Thus, a well 2000 feet in depth to the oil formation would have a pressure 
greater than applicants' critical pressure and it is not seen that it would 
involve patentable invention to treat such a well by the process disclosed 
by Russell. Further, the term "CO, solubility modifying component" as 
used in certain claims is functional and indefinite and does not specify 
any particular material. Applicants' claims should clearly definitely set 

forth all the steps of their methods including the conditions of 
temperature and pressure giving both upper and lower limits thereof. 
As drawn, it is not seen that the claims patentably distinguish from the 
patents to Russell. The fact that these patents do not state that the 
pressure is critical is not controlling but whether the patents show the 





process as defined in applicants' claims. 3 

It is noted that claim 2 does not set forth any pressure of the carbon 
dioxide which applicants allege to be critical and claim 22 the pressure 
of carbon dioxide is said to be below applicants’ critical pressure. 

For the reasons given, claims 1 to 38, 40 and 41 are rejected as 
failing to patentably distinguish from the patents to Russell and as being 
indefinite. : 

Claim 38 is again rejected as being functional and indefinite for the 
reasons given on page 3 of the last Office action (Mailed June 13, 1950). 
The specification of the period of time by reference to that of some other 
treatment with another unspecified material is improper. 

All the claims are rejected. : 
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/s/ James S. Bailey 
Examiner 
JSB:lw:CED 


[U.S. Patent Office #7B Jul 30 1951] 


IN THE UNITED STATES PATENT 
OFFICE 


In re application of 

James W. Martin et al; for 

Hydrocarbon Recovery from the Earth; 

Filed July 6, 1949 Division 49 
Serial No. 103, 236 Room 5088 
Commissioner of Patents, 

Sir: 

In response to office letter dated February 5, 1951, and following 
a conference courteously granted by the Examiner in charge of this ap- 
plication, please amend this application as follows: 

Claims 1, 3 and 11 line 3; claims 17 and 20 line 6, and claim 28 
line 7; after “"p.s.i."* insert -- to increase the solubility of the carbon 
dioxide in the hydrocarbons present and -- 

Claim 2 line 2 after "formation" insert -- as set forth in claim 1 -- 

Cancel claims 6-10, 12-15, 19, 22-24, 26, 27, 29-34, 36, 38, 40 
and 41 without prejudice. 

REMARKS. 

Following a conference courteously granted by the Examiner, re- 
consideration is requested, but a number of claims have been canceled 

without prejudice at the request of the Examiner, to reduce the is- 
sues involved -- and not in view of prior art, none of which is pertinent. 

The claims are not too broad nor are they indefinite in failure to 


specify an upper limit of pressure, or temperature. Temperature is the 
ambient temperature existing in the earth formation being treated. The 
lower limit of the pressure is critical. Above that lower limit, the 
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consideration is one of economics. There is howeyae no upper limit of 
pressure except that of economic feasibility since above about 600 p.s.i. 
the unforeseeable and unexpected action of carbon dioxide is obtained. 

These considerations and the actual recoveries obtained show that 
carbon dioxide is unique among all known fluid drives such as air, nitro- 
gen, and methane since none of the other fluids will give the results ob- 
tained by carbon dioxide, and at pressures above about 600 p.s.i. there is 
a sharp upturn in recoveries of hydrocarbons by use of carbon dioxide 
which is not obtainable with air, nitrogen, methane, etc. The actual 
figures are given in the original specification as at pages 32-34 and the 
affidavit of record in the companion case substantiates these matters. 

There is therefore no reliance on function or result to distinguish 
over the Russell patents. Russell did not teach any criticality in the use 
of carbon dioxide and the pressure under which it is employed. To Rus- 
sell all pressures and all fluids were alike. He prefers air but may use 

carbon dioxide. Any pressure may be used by him, but none is 
specifically mentioned. He does not teach that carbon dioxide under 
pressures of at least 600 p.s.i. is critical and gives unique results not 
obtainable with any other fluid at any comparable pressures, and not ob- 
tainable above about 600 p.s.i. except with carbon dioxide. That rock 
pressures may be above 600 psi in some cases cannot serve to read 
applicants' teachings into Russell. The art never learned it from Russell 
in the more than twenty years that Russell's teachings have been known. 
Criticality as disclosed and taught here by applicants is not even remotely 
suggested by Russell. Specification of specific agent, namely carbon 
dioxide, and specific pressure limitation, namely above about 600 p.s.i., 
are structural features in the claim, not mere function and result. 

As to the term "CO, solubility modifying component" this is not 
functional nor indefinite. It is a definition of a class of materials in 
conformity with standard practice. The practice is accepted and wide- 
spread. Terminology is frequently based on functional characteristics 
of a class of materials. Thus the term "catalyst" or "pigment" or 


"solvent" etc., etc. is a proper class term of exactly the same order 
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as that used by applicants. In ex parte Geer etal, 3 Pats. Q. 131,132 
it was pointed out that: 

"There are at least two ways in which such 

broad claim for a chemical compound or ma- 

terial may be worded. One is to designate the 

material by the results accomplished, a kind 

of functional definition of it." 

And this practice has been followed endlessly in the patent prac- 
tice. Some illustrative examples are: "amino acid which does not lose 
ammonia on heating" in claim 1 of patent No. 2, 440,516; ‘formaldehyde 
yielding compounds" in the claims of patent No. 2, 427,097; "radicals 
hydrolyzable to amino radicals in claim 1 of patent No. 2, 433, 267; 'tmetal 
halide stable at the reaction temperature" in claim 1 of patent No. 2, 
436,161; etc. 

Further, there are a wide variety of agents taught in the present 
case. They may be organic or inorganic, salts, (page 6), alcohols, 
aldehydes, ketones, acids, halo derivatives (page 7), phenols, etc. (page 
8). No term other than that employed can serve to cover the disclosure. 

Of course many claims are directed to particular solubility modify- 
ing components, namely brines, as in claims 2-5, 11, 17, 18, 25. 

The CO, content of claim 2 requires pressures but the objection 
has been eliminated by reference back to claim 1. Claim 22 was not open 
to objection on the ground stated because it depended through claim 21 
from claim 20 which contained the critical pressure limitation. 

Claim 38 and other claims have been canceled without prejudice. 
But it is accepted practice to set up a standard of comparison in a claim. 

The invention is of the greatest moment particularly in these days 


of highly increased demands for petroleum recoveries. 
Allowance is asked. 


Respectfully submitted, 
/s/ Sol Shappirio 
Attorney for Applicants 





237 


PLAINTIFF'S EX. 
DEPARTMENT OF COMMERCE | 
United States Patent Office | 
Washington 
[ Mailed April 21, 1952] 


Please find below a communication from the 
EXAMINER in charge of this application. 


John A. Marzall 
Commissioner of Patents. 


Applicant: | ‘James W. Martin 
' etal. 


Sol Shappirio Ser. No. 103, 236 
Washington Loan & Trust Bldg. Filed July 6, 1949 


Washington 4, D. C. For HYDROCARBON RECOVERY 
FROM THE EARTH 


Responsive to amendment filed July 27, 1951. 

Additional references made of record: ! 
Squires 1,249,232 Dec. 4, 1917  166-1F 
Spindler 1, 826, 371 Oct. 6, 1931 166-21 
"Petroleum Development and Technology in 1926", Book, pages 51-69. 

American Institute of Mining and Metallurgical Engineers. Copy 

in Division 49. 

The blanks in applicants’ petition, in page 3 line 4, and in page 9, 
line 10, must be filled in. The statement that this case is a continuation- 
in-part of a prior case must be placed in the cia of the specification and 
not merely be in the petition. 

The statement in page 5, lines 7 etc. that “critically” improved 
results are obtained at 600 psi but that the pressures employed may be 
materially lower than 600 psi is objectionable as ambiguous. If lower 
pressures can be employed, the stated pressure is not critical. One or 
the other of these statements must be cancelled. See also page 9, line 
19, and page 11, line 2 of the specification. 

It is not clear whether the ratio is by weight or volume, and whether 
the carbon dioxide is liquid or gaseous in page 12, lines 31-23. Also see 
page 13. 
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Page 17, line 19 "rule" should be -- ruled --. 

Page 18, line 15 "pres" is questioned. 

Page 18, line 23 the presence of "(c)"' is not understood. 

Page 31, line ''6'' should be -- S --. 

Claims 1, 2, 20, 21, 25, 28, 35 and 37 are rejected as functional 
and broader than the invention since applicants are describing the essen- 
tial component (CO, 
result only and it is not obvious what compounds will give this result. 


solubility modifying component) in terms of a desired 


The decision and examples set forth in applicants' remarks are noted 

but decisions of the Supreme Court such as Holland Furniture Company v. 
Perkins Glue Company 277 U.S. 251, 1928 C.D. 266 and General Elec- 
tric Company v. Wabash Appliance Corporation et al. 304 U.S. 364, 

1938 C.D. 813 held patent claims invalid for claiming in terms of the 
result accomplished. 

Claims 1-5, 11, 35, and 37 are rejected as unpatentable over the 
patents to Russell applied in the manner of record. While applicants have 
disclosed the effects obtained by the use of carbon dioxide at different 
pressures, and more particularly that improved results are obtained at 
pressures above 600 psi, the fact remains that Russell has disclosed the 
same process and at pressures used by applicants although they are de- 
scribed in different verbiage. The Russell patents state that the carbon 
dioxide is injected at rock pressures. This as shown by the dictionary 
cited in the last Office action, is for ordinary wells of 2000 ft., above 
600 psi. Hence, applicants' claimed pressures are only those that Rus- 

sell discloses, and do not constitute a patentable difference since 
it is not novel to use the same. 

Furthermore, the use of carbon dioxide gas as a driving fluid in 


oil wells is disclosed in Spindler. Lines 27 to 33 of page 4, of Spindler's 
specification recite the use of carbon dioxide at "100 to 500 lbs., or 
higher". This is held to patentably anticipate the use at 600 to 900 lbs. 
claimed by applicants since "higher" would include at least anything up 

to double the upper range of 500 lbs. in the opinion of the examiner. 
However, Spindler also states in page 3, lines 11 and 12, that the flooding 
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fluid may vary up to 1800 lbs. or greater. The term “fluid"' is broad 
enough to include the gas drive using carbon dioxide as well as the water 
drive described by Spindler. In view of this disclosure, it is also held 
non-inventive to use carbon dioxide at such pressure. 

It is noted that applicants have found improved results to occur above 
600 psi and have made an affidavit to facts tending to establish the same, 
the affidavit being filed in applicants' copending case Serial No. 102, 306. 
The ascertainment of such results does not negative the applicability of 
the Russell patents since they inherently perform the same process at 
the same pressures on wells of ordinary and conventional depths. The 
fact that Russell did not appreciate that improved results occurred when 
he performed his method is of no patentable significance. 

Furthermore, the publication cited above is held to be suggestive 
to one skilled in the art that such results would occur between 500 and 1000 
psi. In the table on page 56 of the publication, 276 cubic feet of carbon 
dioxide is shown as being dissoluble in a barrel of oil at 500 lbs. and 563 
cubic feet at 1000 lbs. That is, the amount of gas dissolved at twice the 
pressure is more than doubled. Since the amount dissolved is more than 
would normally be expected, and the amount of gas dissolved is known to 
be a factor in an oil well drive, it follows that the improved results would 
be expected to one skilled in the art. ! 

With reference to the "CO> solubility modifying component" recited 
in claim 1, for example, such term is met by Russell 1, 511, 067 which 
states that the drive can be used in "oil bearing wells which have been 
flooded with salt water", page 2, lines 26 to 29, inclusive. This compares 
with applicants’ statement that the brine may be present in the formation 
as a brine invaded horizon, see claim 4. | 

It is noted claim 2 recites the use carbonated brine with at least two 
cubic feet of CO, per cu. ft. of brine. There is nothing unusual in such 
proportions, in fact, Russell 1, 658, 305 discloses that one-half volume of 
air, or one volume of natural gas is absorbed by one volume of water. 
Since carbon dioxide is known to have a greater solubility than air or 
natural gas, see the chart on page 54 of the publication cited above, to use 
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slightly increase amounts when using carbon dioxide is obvious. 

Claim 16 is rejected as incomplete since it depends from cancelled 
claim 13. Otherwise the claim is rejected as claim 1. 

Claim 17 is rejected on the art cited against claims 1 etc. when 
considered with the patent to Squires who discloses recovering hydrocar- 
bons from the effluent of the output well. The combustion gases of Squires 
comprise mainly carbon dioxide. 

Claim 18 is rejected as claim 17 from which it depends. 

Claim 20 is also rejected as indefinite since it is not stated how the 
formation is treated. Also the term "with an agent" in the absence of a 
statement of what the agent is, does not "particularly point out and dis- 
tinctly claim" the invention as required by R.S. 4888. 

Claim 20 is also rejected for lack of disclosure. Where in the 
specification are the successive steps set forth in the claim, described? 
As understood, the claim is rejected as claim 1 etc. 

Claims 21, 25 and 28 are rejected similarly as claim 28 from which 
it depends. 

Claims allowed: none. 

Claims cancelled: 6-10, 12-15, 19, 22-24, 26, 27, 29-34, 36, 
and 38-41. 

Claims rejected: 1-5, 11, 16-18, 20, 21, 25, 28, 35 and 37. 

/s/ 


[ Patent Office Oct. 22, 1952] 
IN THE UNITED STATES PATENT OFFICE 
In re application of 
James W. Martin et al; for 
Hydrocarbon Recovery from the Earth 
Filed July 6, 1949 
Serial No. 103, 236. Division 49 


Commissioner of Patents, 





Sir: 
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In response to office letter dated April 21, 1952, please amend this 
application as follows: | 

In the petition, in the fourth line following the title in the first 
space insert "June 30, 1949" and in the second space insert "102, 306". 

Page 3 line 4 after "Serial No." insert -- 102, 306 -- and in the 
same line after "filed" insert -- June 30, 1949 -- | 

Page 9 line 10 after "Serial No." insert -- 102, 306 -- 

Page 5 line 14 after "solution" insert -- provided that at some 
point in the treatment, a stage of at least 600 psi is used; -- 


. Page 17 line 19 change "rule" to "ruled" i 
Page 18 line 15 change "pres" to -- pressure -- 
a Page 18 line 23 cancel "(c)" : 
Page 31 lines 12 and 17 change "6" to -- S -- 
, Claim 16 line 1 change "13" to -- 11 -- i 
+ Claim 20 line 4 change "treating" to -- contacting -- 
* 68 REMARKS 7 
Reconsideration of the several grounds of objection and rejection 
is requested although a number of informalities have been eliminated by 
| this amendment including the insertion of references to serial numbers 
k « in the petition and portions of the specification referred to by the Exami- 
4 With respect to page 5 line 7 etc., the amendatory matter now inserted 
| clarifies the situation. As pointed out at other places in the specification, 
i pressures below 600 psi may be employed provided that at some stage of 
a the treatment there is a step of utilization of the critical pressure limits. 
There is no doubt as to the criticality of the pressure but under some 
>, circumstances and in certain situations lower pressures may be employed 
without any admission that there is any question as to criticality. The 
oy amendment of a specification is believed to clarify this situation. 
" | With respect to ratio by weight or volume and whether carbon 
" dioxide is liquid or gaseous on page 12 lines 21-23, the ratio is explained 
. 


on page 13 of the specification at lines 6-11 particularly and is believed 
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to fully disclose the ratios and the units in which they are expressed. 
The pressures are stated in terms of gaseous carbon dioxide. It must 
be kept in mind that under some circumstances including temperature 
limitations carbon dioxide may be introduced under certain circumstances 
where it is at least in part liquified but that in no way militates against 
the utilization of carbon dioxide within the critical limits herein set 
forth. 

The rejection of claims 1, 2, etc., as functional and broader than 
the invention should be withdrawn for reasons pointed out previously. It 
is a commonplace in the patent practice to utilize terms as a class defi- 
nition even though there may be some implication of function. But the art 
has come to recognize such terms as proper generic language and the 
decisions cited so hold. A common instance of this character is the use 
of the term "pigment". This is properly used although in the same sense 
as objected to by the Examiner it may be stated to be a statement of 
function. But it is a class definition which has come to identify the 


class and the same thing applies to the terms employed by applicant 


particularly as pointed out in the decisions where it is approved and in 
innumerable patents where the use of such terms has been approved. The 
decisions cited by the Examiner are not pertinent to the present situation. 
In the Holland case cited by the Examiner the inventor found that a 
single specific starch glue could be utilized which would perform the 
function of animal glue. That was the limit of his teaching and the limit 
of his invention. He attempted to claim all starch glues which would have 
that function and the court held that this was improper. That it is not 
pertinent here is evident from the fact that there is a large class of sub- 
stances described by applicant which constitute a class of materials and 
the only way in which it can be defined is in these terms as employed here 
along practices that have been repeatedly approved in all of the cases. In 
the General Electric case the attempt was made to cover a filament from 
grains of such size and contour, etc. This was not a class of materials 
at all defined in terms of approved language. Contour of the grains was 
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involved but the structural characteristics of the grains were not 
set forth. The General Electric and the Holland cases therefore are in 
no way pertinent to the present situation. Unless class terminology can 
be employed there is no way to get generic terminology whatsoever in 
those situations where the class of material necessarily implies some 
function. Terms like "catalyst" and inumerable others are exemplary 
of such approved terminology that is possible and the practice in those 
cases directly applicable here. The rejection of claims on the patents 
to Russell should be withdrawn for reasons of record. There is no doubt 
as established in the record that carbon dioxide is unique in its action and 
that at 600 psi minimum pressure it exhibits critical effects. It is pos- 
sible now after applicant's disclosure and teaching to select conditions 
in Russell or in any other process to get applicants’ results. This is done 
after applicants' teaching and not with what Russell himself taught. In 
effect it is using applicants’ own disclosure as a basis for rejection. 
Considering the Russell patents and the art on which, it must be projected, 
Russell like the rest of the art thought that all of the gases suggested for 
use in the prior art were all equivalent in action both with respect to the 
gas employed and the pressure under which it was used. Nothing unique 
in the character of carbon dioxide was known particularly when used 
above certain critical lower pressure limits. Yet the recoveries obtained 
are critically different depending on the agent and the pressures used. 
Thus in the present situation it has been discovered a singie material 
namely carbon dioxide when used at a critical range of pressures is dif- 
ferent from any other gas under any circumstances and even different 
from carbon dioxide below those critical limits. It is submitted that the 

discovery of criticality is always patentable. Surely if the Russell 
patents taught anything comparable with the present situation, there would 
be something in the art to indicate it. The results obtained by applicants 
are so phenomenal that some reference in the art would have been found 
to it if there had been any teaching of it in that prior art. This is evi- 


denced by the fact that from the disclosures of the present invention, the 
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the literature on the subject has increased tremendously whereas there is 
nothing in the Russell patents that taught the art anything of this character 
and this is shown by the failure in the literature in the direction indicated. 
The affidavit in the companion case clearly establishes the criticality 
here and consequently the teachings in the Russell patents are not per- 
tinent for a basis for rejection even the pressures which the Examiner 
now proposes to use in the Russell patents, follow from the disclosures 
and teachings of the present case and not from anything specifically 
taught in the Russell patents. If as a matter of accident some operation 
under the Russell patent could have been carried out, it would still be an 


accidental disclosure which would not defeat the present invention. 


Similarly the rejection of claims on the patent to Spindler should be 
withdrawn. Spindler teaches that when using water as a flooding fluid, it 
may be used under pressures varying up to 1800 pounds. The disclosure 
of the Spindler patent down to page 3 line 125 is concerned with only the 
use of water and the patentee so states at page 3 line 125 where it is set 
forth that 

"The description, as disclosed, provides for the 
working of oil fields by the use of an incompressible | 
fluid, such as water." 

When the patentee goes over then to suggesting the use of what he 
calls compressible fluids, such as air, carbon dioxide, natural gas, 
ethane, and other fragments of petroleum, it is only then that he suggests 
that pressures of 100 to 500 pounds or higher may be employed. The "or 
higher" thus referred to should not be distorted into the present invention. 
The patentee did not realize and did not teach that there was anything criti- 
cal about the action of carbon dioxide. The same situation arises here 
as in connection with the Russell patents but for reasons pointed out above 
it is submitted that Spindler did not teach the use of carbon dioxide at 
critical pressures particularly of at least 600 psi. Since the action of 
carbon dioxide is clearly critical under the pressures claimed the objection 
is untenable. 
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Nor does the cited publication help the situation in any way. The 
publication shows a straight line relation and nothing c ritical in variation 
in pressures with respect to carbon dioxide. In fact the reference merely 
talks about increased solubility and teaches nothing about recovery or the 
action of carbon dioxide as critical in recovery provided that minimum 
critical pressures are employed. The Examiner finds nothing in the art 
to correlate the amount of carbon dioxide dissolved with greater oil re- 
coveries. There is nothing in the art to teach it and again the Examiner 
is attempting to make use of applicants' discovery of critical conditions 
with a critical gas from references which do not teach the position. 
Consequently Spindler or Russell or any other reference whether taken in 
combination with the publication does not teach the present invention. 

Even if Russell is applied to salt water flooded formations there is 
no teaching as pointed out above of operations under conditions where the 
carbon dioxide is employed at critical pressures and consequently regard- 
less of view is taken, the Russell patents are not pertinent. 

The limitation on the carbon dioxide content as set forth in claim 2 
is patentable over Russell for reasons identical with those discussed 
immediately above. But it seems to us that it cannot be contended that 
the use of 1/2 volume of air disclosed by Russell can be said to teach two 
cubic feet of carbon dioxide per cubic foot of brine as a minimum amount. 
The difference itself is about 400% in using applicants’ lowest limit anda 
difference of 400% is more than a mere obvious variation particularly 
when one of the materials namely carbon dioxide is found to exert a 
critical effect which was untaught to the art by the reference. That the 
greater solubility of carbon dioxide of itself is not sufficient to teach the 
invention is evident from the fact that with the prior art disclosures be- 
fore them, the art did not know how to practice the present invention. 

The rejection of claim 16 as incomplete in depending on canceled claim 
13 has been eliminated by referring back and making the claim dependent 
on claim 11. The rejection on claim 1 is untenable for reasons discussed 


above in connection with that claim and also because the claim required 
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the introduction of the carbon dioxide and brine in repeated alternation 
not taught in any art. 

The rejection of claim 17 on Squires is obviously untenable, whether 
considered in connection with the patents cited against claim 1 or in any 
other way. Squires refers to combustion gases but even in the best of 
circumstances, such combustion gases would not exhibit more than 20% 
carbon dioxide and usually not more than about 12%. Under such cir- 
cumstances it can not be contended that Squires uses a gas which is mainly 
carbon dioxide. And most certainly he does not teach using a gas mainly 
carbon dioxide at an effective pressure of at least 600 psi. A combustion 
gas at 600 psi which contains only a minor fraction of carbon dioxide would 
therefore not meet the claims and to get effective pressures required in 


the claims of the stated component there would require something far 


removed from or anything taught in the Squires patent. Claim 18 is 
patentable along with claim 17 for the same reasons and particularly in 
connection with the use of carbonated brine not taught in any of the art. 
With respect to the rejection of claim 20 it is believed not to be 
indefinite. However since all that is necessary is to contact the forma- 
tion with the treating agent, the claim has been amended to call for such 
treatment as contacting and as such is believed to eliminate that phase of 
the objection. The term "with an agent” should be accepted as sufficient 
for reasons pointed out above and also because it is known to employ agents 
of this character for other purposes. They have unique effect in connec- 
tion with the carbonation treatment set forth here. But agents which will 
open up the pores of the formations are known in the art and may therefore 
be referred to in this way. It is submitted that the claim clearly points 
out the invention. 
Rejection of claim 20 for lack of disclosure should be withdrawn. 
The specification teaches that carbon dioxide may be employed to open 
up deposits as for example where they are carbonates and in such cases 
it is unnecessary to use the carbon dioxide at the critical pressures for 
recovery and a subsequent step of that character then can be used. In 
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addition the specification teaches that acidizing treatments known in the 
art may also be employed. Such sequence of steps in the utilization are 
taught in the specification herein as at pages 16 lines 15-20 where ref- 
erence to bicarbonate formation is referred to and references particu- 
larly at page 18 lines 14-16 with respect to solution of calcium and mag- 
nesium carbonates by the action of carbon dioxide; page 19 lines 1-3 
where resolution of iron is referred to, etc. The use of carbon dioxide 
at pressures below the critical point for an initial treatment followed b7 
subsequent treatment within the critical pressure limits is given for 
example at page 26 lines 5-13. These and other portions of the speci- 
fication may be referred to to show clearly a basis for claim 20 and simi- 
larly for the claims 21, 25 and 28 dependent thereon and utilizing carbon 
dioxide as the initial treatment agent. : 

Accordingly reconsideration and allowance are requested. The 
invention represents a tremendous advance in the art, It teaches the art 
for the first time that carbon dioxide is unique in its action and at pres- 
sures of a limited stated degree, gives critical results of the greatest 
moment in recoveries of oil from the earth. The very increase in the 
literature dealing with this subject since disclosure of these processes 
is eloquent testimony of the advance which is taught in the art. 

Allowance is accordingly asked. : 
Respectfully submitted, 
/s/ Sol Shappirio 


Attorney for Applicant 


[Patent Office Mar. 23, 1953] | 
IN THE UNITED STATES PATENT OFFICE 
In re application of 
James W. Martin et al; for 
Hydrocarbon Recovery from the Earth 
Filed July 6, 1949 ; 
Serial No. 103, 236 Division 49 
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Commissioner of Patents, 
Sir: 

Supplementing the last amendment in this application, please fur- 
ther amend as follows: 

Claims 1 and 11 line 3 and claims 17 and 20 line 6, after "pressure" 
insert -- of the carbon dioxide -- 

| Claim 3 line 3 change "a pressure" to -- an effective pressure of 
the carbon dioxide -- 

Please add the following claims: 

42. The method of claim 1 in which the amount of carbon dioxide 
per cu. ft. of hydrocarbons. 

43. The method of claim 17 in which the amount of carbon dioxide 
is more than about 52 cu. ft. of carbon dioxide per cu. ft. of hydro- 
carbons. 

44. The recovery of hydrocarbons from subterranean hydrocarbon 


bearing formation by treatment of the formation with carbon dioxide at 


an effective pressure of the carbon dioxide of at least 600 p.s.i. in the 


presence of an aqueous solution of a CO, solubility modifying component. 

45. The recovery as set forth in claim 44 in which the aqueous 
solution is brine and the amount of carbon dioxide is more than about 52 
cu. ft. of carbon dioxide per cu. ft. of hydrocarbon. 

REMARKS 

This amendment is filed at this time so that it may be present for 

consideration by the Examiner in the next official action. 
| The claims like claim 1 which set forth the critical pressure lower 

limit for the critical gas carbon dioxide emphasize this criticality. As 
the specification teaches, e.g., pages 9 and 11, the carbon dioxide is 
used at an effective pressure of carbon dioxide of at least about 600 p.s.i. 
to exhibit the criticality in this process. No art teaches such feature. 

In addition to the comments as to Russell, Spindler, etc., of record 
previously, the following additional considerations are submitted. The 


Examiner states that Russell teaches that the CO, should be introduced 
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at "rock pressure". In the first place we think Russell teaches the con- 
trary since he is concerned with non-flowing or declining wells. Thus 
in 1, 658, 305 page 1 line 81 he refers to the practice where "rock pres- 
sure has declined". And both in that patent and the earlier 1, 511, 067 
page 1 line 29 where "pressure flow, has ceased" and the fields have been 
"invaded with salt water" (page 1 lines 301-32) there may be no "rock 
pressure" at all in the Russell wells. Consequently when he introduces 
the gas, the pressure employed need be but slightly higher than the 

pressure in the well which may very well be atmospheric. In this 
view it is evident that Russell teaches nothing as to introduction of gas 
at pressures equal to that of rock pressure which may have existed 
originally. Nor can specific pressures thus be read into Russell where 
those specific pressures have been discovered by applicants to be criti- 
cal. | 
Because, even if rock pressures can be read into Russell's opera- 
tions, specific e.g. critical pressures cannot be so read into the patents 
since to do so, the Examiner is using applicants' discovery against appli- 
cants' teaching. The Russell wells even in that view might very well 
have been of a depth far less than necessary to give rock pressures of 
at least about 600 p.s.i., assuming that they were in a locality which 
originally exhibited rock pressures of substantial amount at all. Itis 
clear under the law that where disclosures like Russell have no concept 
of the invention, have no teaching of particular pressures, and are con- 
sonant with low pressures or even no pressures, it is untenable to read 
into them, particular critical pressure limits taught by applicants for the 
first time in the art. : 

And still further, even if rock pressures of more than 600 p.s.i. 
are read into Russell, there is still no teaching that CO, at an effective 
pressure of 600 p.s.i. is to be used. ! 

These considerations together with those urged previously thoroughly 
eliminate the Russell patents as anticipatory. And’ in part at least, the 


Examiner has recognized the ineffectiveness of the Russell and other 
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patents as a reference, for these reasons, in granting the recent Whorton 
patent No. 2, 623, 596. 

What has been set forth as to Russell also applies in large measure, 
if not in its entirety against the other cited patents such as Spindler, the 
Book citation, etc. 

In addition, new claims 42 and 43 include the feature of CO, /oil 
ratio. These values are taken from the original specification page 22 
table, and the discussion at the bottom of page 23 and on pages 12 and 13. 
There is no concept as well as no disclosure of these features in any of 
the art. In fact the cited references such as Russell overlooks completely, 


the importance of particular lower ratios of CO, to oil. 


New claims 44 and 45 are in use form now permissible under the 
statute but clearly patentable for the reasons given above. 

The very patents cited by the Examiner, and the history of the de- 
velopment of secondary recovery testify eloquently to the advance in the 
art taught by the present invention. Allowance is asked. 

| Respectfully submitted, 
/s/ Sol Shappirio 
Attorney for Applicant 


[Patent Office May 11, 1953] 
IN THE UNITED STATES PATENT OFFICE 
In re application of 
James W. Martin et al; for 
Hydrocarbon Recovery from the Earth 
Filed July 6, 1949 
Serial No. 103, 236. Division 49 
Commissioner of Patents, 
Sir: 

Following a conference courteously granted by the Examiners in 
charge of this application please further amend by adding the following 
claim: 

46. The method of claim 3 in which the amount of carbon dioxide 
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és is more than 20 cu. ft. of carbon dioxide per cu. ft. of brine. 
REMARKS | 


This amendment places of record here considerations discussed 
> at the conference aforesaid in urging patentability for the subject matter 
of the companion application 102, 306 and the instant case. While it is 
believed to be unnecessary to duplicate the affidavits and evidence placed 
of record in the companion case, to which reference is made to support 
the position here, the following comments are desirable which parallel 
those in the companion case in support of patentability here. 

81 Insofar as the particular subject matter claimed here is to be con- 
sidered, however, it should be recognized at the outset that patents like 
Squires and Spindler are of even less value here than in the companion 

ry case since in the present claims we are concerned with the presence of a 

J CO, solubility modifying component, e.g., brine. Hence the patents to 

Squires and Spindler lack an additional feature to meet the claims here, 

beyond what is presented in the companion case. But since the Examin- 

ers position at the conference was largely built on the Spindler patent, 
the following comments to show its irrelevancy are taken from the par- 

r allel amendment being filed concurrently in the parent application. 

An objective approach to the invention claimed here can be had by 
considering briefly the history of the art. While little work with carbon 
dioxide appears to have actually been tried in the field prior to the field 
operations based on the instant invention, there have been patents like 


* Spindler discussed in detail at the conference, and Russell, which mention 
“ a list of gases that may be introduced into a well and include carbon dioxide 
aia as one such gas among others like air, methane, oxygen, petroleum frag - 


ments, any compressible gas, etc. ! 

There can be no disagreement over the fact that not a single prior 
art patent suggests any criticality as to CO, from any other gases or 
fluids or criticality of any of the other suggested fluids. Further there is 


no disagreement as to whether any prior art discloses any criticality for 
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any pressure range for any fluid and certainly none teaches any pressure 
criticality for carbon dioxide. It is true that patents like Spindler mention 
100 to 500 p.s.i. "ad higher" for any compressible gas, and Russell 
talks about rock pressures, but in none is there a specific teaching that 
600 p.s.i. is to be used. Obviously none then teach criticality for 
pressures of that order. The question then is whether it involves in- 

vention to use carbon dioxide at an effective pressure of the CO, 
of the order of at least about 600 p.s.i. in the recovery of oil from the 
earth. And to support applicants' position for patentability, reference is 
made to the new and unobvious results obtained by the present invention 
attested by the results of record and the tribute paid in the art to the 
present invention by independent observers. 

The original specification particularly emphasizes that about 600 
p.s.i. is a minimum critical point for CO, use in such recovery opera- 
tions because at that order of pressure, the curve of recovery of hydro- 
carbons from the earth (initially a straight line of low slope) at about 600 
p.s.i. effective pressure of CO, suddenly changes direction upwardly 
in a curve showing unexpectedly great increases in oil recovery (phen- 
omenally smaller residual oil in the formation). The data are of record 
in the original specification as at pages 32, 33, etc. and substantiated 
by the Martin and Hammer affidavits filed herewith. Independent observers 
have reported the same thing in testing the prior disclosures of the 
present invention as the Martin affidavit and attached literature shows to 
which may be added the article by Henry D. Ralph in the Producers Monthly, 
article entitled ''New Recovery Tool" with the by-line "Use of carbon dioxide 
in water-flood operations recovers oil otherwise lost, consulting engineer 
tells compact". The Oil and Gas Journal for May 3, 1951, and the review 
by Paul D. Torrey in World Petroleum, entitled "Prospects for improving 
oil recovery” under date of March 1953, copies of both articles herewith. 


This criticality arises with CO, at pressures above about 600 


p.s.i. hereinafter called the minimum-critical range and (1) is not shown 
for CO, at pressurss below the critical minimum range but is shown for 
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any pressure above that range, and (2) no criticality is shown by any 
other fluid tested at any pressure. | 
To secure the critical effect, the carbon dioxide pressure per se 
must be above about 600 p.s.i., e.g. the CO, partial pressure if any 
other gases are present. As stated in the original specification page 10 
line 16 through page 11 line 4; | 
A. Carbon dioxide under high pressure is essential. 
B. Other materials may be present (p. 10 lines 22- -23) 
C. But it is essential that the CO, be employed. at minimum 
pressures of the order stated iad of what else 
may be present. | 
Thus to obtain the critical results of the present invention the CO, must 
be used at an effective pressure of the CO, of the critical minimum 
range. To apply this to discrete situations let us take a formation where 
t he pressure in the formation is 700 p.s.i. under the present invention 
the CO, is introduced so that the partial pressure of the CO, in the for- 
mation is at least about 600 p.s.i. The total pressure in the formation 
may thus be raised to as much as 1300 p.s.i. The invention is not directed 
to the introduction of CO, at a pressure just high enough to introduce it 
into the formation against the pressure already existing there, because 
that will not give an effective pressure, e.g. partial pressure, of CO 
of at least 600 p.s.i. 


2 


A consideration of the prior art in the light of these facts should 
resolve any question of patentability and a consideration of Spindler will 
depose of all of the art. Spindler on page 4 refers to use of any com- 
pressible fluid and mentions air, CO,, natural gas, ethane or other lower 
fragments of petroleum. He states the initial pressures may be 100 to 
500# or higher. What does he mean by this? Spindler introduces the 
fluid to move it outwardly from the flooding source. ! (page 4 col. 1 lines 
1-4). The order of pressures used by Spindler are of the order of 150 
lbs. (average); (Page 4 col. 1 line 59). What Spindler does is to use a 
so-called "re-pressuring" system. (Page 4 col. 1 line 4). He seeks to 
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build up the pressure again. He can use any compressible fluid. They 
are all alike. And the pressures he uses are relatively "high" to him 
but actually 500 lbs “or higher" but always in a repressuring system. 
He introduces the fluid at a pressure just enough above the pressures to 
be overcome, to get movement of the fluid into the formation. But that 
of course will not give him an effective pressure of COg above about 600 
p.s.i., nor can he obtain it by any teaching therein, nor in the more than 
thirty years since Spindler was known, has the art learned it. 
Applicants' invention here is not a re-pressuring system. As 

stated in the January 1951 article in Producers Monthly attached to Mr. 
Martin's affidavit, the ORCO process 

"™* *does not utilize carbon dioxide for the 

purpose of re-pressuring the reservoir." 

(col. 1 bottom) 


No adequate explanation has yet been given to explain why the 


ORCO process enables the phenomenal recoveries to be obtained. How- 
ever, the literature and affidavits supplied herewith show that solubility 


of COg in oil at higher pressures is not the explanation. But it does not 
militate against the invention that an explanation has not been offered. 
As stated by the Supreme Court in Diamond Rubber Co. v. Consol. Tire 
Co. 220 U.S. 428, 435: 
"A patentee may be baldly empirical, seeing nothing 
beyond his experiments and the result; yet if he has added a 
new and valuable article to the world's utilities he is entitled 
to the rank and protection of an inventor. And how can it take 
from his merit that he may not know all of the forces which he 
has brought into operation? It is certainly not necessary that he 
understand or be able to state the scientific principles underly- 
ing his invention, and it is immaterial whether he can stand a 
successful examination as to the speculative ideas involved." 
And as stated in the preceding portion of that decision, pages 434-435: 
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"Many things and the patent law abounds in illustrations, 
seem obvious after they have been done, and ‘in the light of the 
accomplished result' it is often a matter of wonder how they 

so long ‘eluded the search of the discoverer and set at defiance 

the speculations of inventive genius.‘ ** Knowledge after the 

event is always easy, and problems once solved present no 
difficulties, indeed, may be represented as never having had 
any, and expert witnesses may be brought forward to show that 
the new thing which seemed to have eluded the search of the 
world was always ready at hand and easy to be seen by a merely 
skillful attention. But the law has other tests of the invention 
than subtle conjectures of what might have been seen and yet was 
not. It regards a change as evidence of novelty, the acceptance 
and utility of change as a further evidence, even as demon- 
stration." 

We think therefore there is no question that the present invention 
is patentable. The implications are tremendous for it has more than 
doubled the estimated horizons of oil that can be obtained from the earth. 
Its importance to a world dependent today in large measure on its oil is 
of fundamental character. 

The Russell patents were fully discussed in the supplemental 
amendment of March 19, 1953 wherein it is pointed out that Russell's 
rock pressures do not teach any critical pressure at all, would merely 
require a pressure Slightly above the rock pressure to introuuce gas and 
certainly teach no criticality for either carbon dioxide nor for its use at 
a pressure of carbon dioxide per se above at least about 600 p.s.i. 

To the ratio directed claims 42-45, most certainly not shown in 
the art, one added claim 46 has been included to cover the broader ranges 
permissible where various liquids are present in the reservoir. See the 
table on page 22 and discussion at the top of page 23 and on pages 12 and 
13. 


It is fitting to call attention to the article by Dr. Joseph N. 
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Breston, Director, Production Research Laboratory, The Pennsylvania 
Grade Crude Oil Association, Bradford, Pa., in Producers Monthly, 
April, 1953, pages 30-36, entitled "Progress in Production Research at 
the Penn Grade Association Laboratory" in which Dr. Breston makes 
some most interesting comments which are all the more pertinent since 
he is wholly independent of any association with applicants and their 

affiliates, and these comments will be correlated with certain 
positions taken by the Examiner, the whole serving as an effective 
summary and conclusion to the position advanced here. 

One of the points raised by the Examiner has been based on the 
contention that the results obtained are obvious because of increased 
solubility of CO, at higher pressures. But Dr. Breston reviews earlier 


work to show that a directly opposite conclusion had been reached in the 


art. He says on pages 35-36 of that article: 
"Nitrogen is much less soluble in crude than natural gas. 

The results indicated that more free gas phase was established 

and greater oil recovery effected when this less soluble gas was 

used. To follow up on this Robert Macfarlane and Joseph Saxon 
conducted further tests with gases of varying solubility such as 
carbon dioxide, propane, natural gas and nitrogen. The tests 
clearly showed that on a volume for volume basis total oil re- 
covery was greater when the less soluble gases were pre- 
injected.” 

These views confirm applicants position as outlined earlier herein that 

the results obtained by applicants cannot be stated to be obvious from the 

increased solubility of CO9. 

Another point raised by the Examiner relates to Squires use of 
engine exhaust gas, the Examiner stating it is predominantly COo- Dr. 
Breston points out that (page 36): 

“Engine exhaust gas was used since it is predominantly 


nitrogen * *." 
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He also points out that the use of engine exhaust gas raises serious 
problems of corrision, which the record shows does not arise with 
a,plicants' use of COs even at the unique critical pressures of at least 
about 600 p.s.i. | 
Finally we may point to Dr. Breston's evaluation (page 36) of 
the invention of the present applicants referred to therein as “the 
ORCO Company's new method" (underlining added) where in connection 
with oil recovery tests using applicants’ method, he says: 
"The results showed that under certain conditions a very 
Substantial amount of oil could be recovered from flooded-out 
cores by reflooding with carbonated water. Also if carbonated 
water is used in a new flood the recovery could be as much as 
35% greater than if ordinary water were used. " 


Here is the view of a wholly independent expert paying tribute to 


the present invention as not only new but as giving unexpected and unpre- 
dictable results of the gravest moment to the industry and to the world. 
Allowance is in order and Such action is solicited. 
Respectfully submitted, 


/s/ Sol Shappirio | 
Attorney for Applicant 


[Mailed June 30, 1953] 


DEPARTMENT OF COMMERCE 
United States Patent Office 3 
Washington | 


| 
Sol Shappirio, Applicant: James;W. Martin et al 
Washington Loan & Trust Bldg. Ser. No. 103, 236 
Washington 4, D. C. Filed July 6, 1949 
For HYDROCARBON RECOVERY 
FROM THE EARTH 


Responsive to amendments filed October 21, 1952, March 19, 
1953, and May 7, 1953. 

The requirement that the statement that this case is a continuati-n- 
in-part of Serial No. 64, 402 be inserted in the body of the specification 
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and not merely in the preamble is repeated. 
The sentence in page 5, lines 17 - 21 inclusive is incomplete. 


Page 8, last line, "increase" should be -- increased --. 


Page 14, line 7 "valled" is questioned. 
The blanks in the table on page 22 should be filled in. 
Claims 1, 2, 20, 21, 35, 37 and 44 are rejected as functional and 


broader than the invention in reciting the brine as a "COs solubility modi- 


fying component". Applicant's remarks as to the use of the term "catalyst" 
ete., are noted. However this case differs from applicant's copending 
case in specifying the use of brine and it is thought improper to allow the 
essential feature of a case to be designated by such an indefinite term as 
"CO9 solubility modifying component". Moreover this term is so broad 
as to cover elements decreasing the solubility of CO9, a non-useful pro- 
cedure and outside of applicants' teaching. The decisions of the Supreme 
Court cited in the last Office action are deemed to be directly in point 

$0 CO since they condemned terms used where the critical result ob- 
tained was used to describe the claimed materials. 

Claims 1-5, 11, 17, 18, 35, and 37 are again rejected as un- 
patentable over the patent to Spindler and the patents to Russel of record. 
Applicants’ arguments have been carefully considered but the examiner 
is unable to agree. It is thought that the prior art clearly points the way 
to one Skilled in the art to perform the method here claimed. The art is 
replete with examples of the use of carbon dioxide gas used as a gas drive 
in oil recovery from oil formations, and the pressures used by applicant 
are thought to be fairly taught or suggested by the prior art for the reasons 
given below. 

The statement in Spindler on page 4, lines 27-33, that the carbon 
dioxide may be introduced at pressures "varying up to 100 to 500 lbs. or 
higher" is held to be a teaching that pressures of "at least 600 p.s.i." 
may be used. The term "500 Ibs. or higher" would be substantially mean- 
ingless if not construed to cover "at least 600 lbs."" Moreover the patent 
to Spindler also states that the flooding fluid "may vary up to 1800 Ibs. or 
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higher". While this statement occurs in the description of the water 
flooding drive also described in the Spindler patent as noted in appli- 
cants' remarks, the term "fluid" would suggest that this pressure could 
also be used with the gas drive, i.e., the drive using carbon dioxide gas 
Since the term "fluid" includes both liquids and gases. | 

It is not agreed that the Russell patents are limited to relatively 
low pressures as urged by applicants. The patents state that the carbon 
dioxide gas is introduced "at rock pressures". Such pressure is usually 
defined as the pressure equal to that exerted by a column of water ex- 

a1 tending from the producing zone of a well to the surface. For 
ordinary wells of a depth of 2000 feet, this pressure would be at least 
600 p.s.i. and applicants cannot be allowed claims covering the operation 
of the process of Russell in wells of such depth for the reason that such 
application is merely an obvious use of the patents. ! 

The patents to Spindler and Russell do not disclose the improved 
results which applicants allege to occur where carbon dioxide gas is used 
at a pressure of at least 600 p.s.i. Such fact however, is not thought to 
constitute an inventive difference since the results are nothing more than 
the necessary and obvious results of the practice of the methods disclosed 
in the patents when effected at a pressure of at least 600 p.S.i. In connec- 
tion with this, it is well settled patent law as stated in Allen et al Inc. v. 
Coe 552.0.G. 187, 1943 C.D. 55, 135 F(2d) 11, that "a patent may not be 
granted for scientific explanations or discoveries of new uses for or 
unsuspected merit in old substances or processes", (underlining added). 
Hence it is held to be patentably immaterial that the patentees do not 
disclose that improved yields are obtained at the higher pressures used. 

Furthermore the examiner is of the opinion that the prior art is 
suggestive that improved yields might be obtained at higher pressures of 
"at least 600 p.s.i." The table on page 56 of the publication cited in the 
last Office letter indicates that there is an increase of solubility of carbon 
dioxide gas in oil as the pressure increases above 600 p.s.i. The value 
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| for 1000 p.s.i. is more than twice for 500 p.s.i. This is believed 
to clearly indicate to an investigator that increased results might be ob- 
tained by using the carbon dioxide at 1000 lbs. over those obtained at 500 
lbs. The fact that ethane gas also increases its solubility at higher 
pressures but does not result in increased oil yields in a gas drive, is 
not deemed to negative the suggestion that carbon dioxide might yield 
increased results by its greater solubility. Both gases because of their 
increased solubility would be objects of investigation, and because one 
gas had other properties causing it to fail to give increased results, is 
no reason why the other should not be investigated. 

‘It is noted that claims 1, etc., recite "an effective pressure" 
but this is not seen to distinguish from the references. The carbon 
dioxide zas is usec in the reference patents after natural flow has ceased 
and it would be necessary for the carbon dioxide gas to effect such 
pressure on the oil as to force the oil up the output well to the surface. 
For any well of considerable depth, this would require a pressure of at 
least 600 p.s.i. as noted above, and the pressure would be exerted 
against the oil in the formation. The claims also include the steps of 
recovering hydrocarbons from the effluent (oil, carbon uioxide gas). 
This would obviously be done in the practice of the Spindler or Russell 
processes and is fully shown by the patent to Squires, of record. 

The limitations in the claims as to the use of brine are noted but 

are held not to constitute an inventive difference since Russell 1, 511, 067 
states that the carbon dioxide drive disclosed in his patent may be used 


ee 
in oil welis which have been flooded with salt water, see page 2, lines 

26-29 inclusive. Since the carbon dioxide gas is introduced to 
the well where it would contact the brine, the latter would inherently : 
modify the solubility of the carbon dioxide. If the brine increases the 
solubility of the carbon dioxide as stated by applicants, a like result 
would occur in the performance of the process set forth in the patent. > 
The use of Spindler’s process on wells having "a brine invaded horizon" ms 


(applicants' claim 4) is held to be only an obvious and analogous use thereof. 
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Applicants' remarks as to claim 2 which recites the use of car- 
bonated brine containing at least 2 cu. ft. of COg per cu. ft. of carbonated 
brine are noted. It is not clear to the examiner from applicants’ specifi- 
cation what special advantage is obtained thereby. It would appear that 
such ratio is merely a desirable one and of no patentable significance. 
Furthermore Russell 1, 658, 305 discloses that different gases have 
different volumes thereof dissolved in one volume of water. The volumes 
stated are "one-half volume of air or one volume of natural gas" to one 
volume of water, page 4 lines 59-63. In view of the known greater solu- 
bility of carbon dioxide to that of air or natural gas, it would appear to 
be obvious that greater quantities of carbon dioxide could be used. 

Claim 16 is rejected as unpatentable over the patents to Russell 
which disclose the introduction of carbon dioxide and water in repetitive 
alternation. | 

94 Claim 20 is rejected as too broad since the term "contacting said 
formation with an agent" followed by a result is held to fail to conform 
with 35 U.S. Code 112 (formerly R.S. 4888). It is not stated what the 
agent is. : 

Claims 20, 21, 25 and 28 are rejected as defining nothing paten- 
table over the patents to Spindler and the Russell patents. If carbon 
dioxide acts to break down solid materials in applicants’ well as stated 
on page 9 of applicants’ remarks in paper No. 9, a like result will occur 
in the performance of the methods in the reference patents. Also it is 
held that the use of an acid treatment which is conventional in the well 
art to increase flow would not involve invention. As to claim 28, the 
carbon dioxide will be pumped into the wells in the reference patents so 
that initially the pressure is below 600 p.s.i. until the higher pressure 
is obtained. | 

Claims 42, 43, 45 and 46 are rejected as claim 1. Claims 42, 

43, and 45 recite the use of more than 52 cu. ft. of carbon dioxide per 
cu. ft. of hydrocarbons and claim 46 recites more than 20 cu. ft. of 
carbon dioxide per cu. ft. of brine. Applicants’ comment as to the figures 
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being based upon the table in page 22 and the remarks on pages 12, 13 
and 23 are noted. It is not seen that the table (page 22) implies that any 
invention is involved since it is merely a solubility table, and the re- 
marks on cited pages of applicants’ specification do not emphasize any 
desirable result obtained by the ratios claimed. The ratios appear to be 
merely arbitrary. 

This rejection is made FINAL. 

Claims allowable: none. 

Claims cancelled: 6-10, 12-15, 19, 22, 23, 24, 26, 27, 29-34, 
36 and 38-41. 

Claims finally rejected: 1-5, 11, 16, 17, 18, 20, 21, 25, 28, 
35, 37, and 42-46. 


/s/ Benjamin Bordett 
Examiner 


[Mail Division Dec. 30, 1953] 
IN THE UNITED STATES PATENT OFFICE 


In re application of 


James W. Martin et al; for 


Hydrocarbon Recovery from 
The Earth 


Filed July 6, 1949 
Serial No. 103, 236. 
NOTICE OF APPEAL 
Commissioner of Patents, 
Sir: 
The applicant in the above entitled case hereby appeals to the 

Board of Appeals from the final rejection of June 30, 1953. 

, The appeal is taken from the rejection of all rejected claims of 
record including claims, 1-5, 11, 16-18, 20, 21, 25, 28, 35, 37, and 
42-46, and any substitutions therefor and additions thereto permitted in 
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proceedings following final rejection. The grounds of | appeal are set 
forth below. : 

The Examiner erred in: : 

1. Rejecting the claims on the references, and for reasons 
of record. i 
Rejecting the claims for other reasons ik on the face 
of the record which will be urged at the hearing. 

3. Requiring election. : 

An oral hearing is solicited, and the appeal fee is attached. 


Respectfully submitted, 


/s/ Sol Shappirio 
Attorney for Applicant 


[Mailed May 4, 1954] 
In re application of | 
James W. Martin et al Appeal No. 408-18 
Ser. No. 103, 236 Before the Board of Appeals 
Filed July 6, 1949 : 


For HYDROCARBON RECOVERY 
FROM THE EARTH 


> 


Sol Shappirio for Appellants 
EXAMINER'S ANSWER 


This is an appeal from the final rejection of claims 1-5, 11, 
16 - 18, 20, 21, 25, 28, 35, 37, and 42 -47 inclusive, a the claims 
in the case. No claims are allowed. | 

Several informalities in the specification noted in the final re- 
jection have not been corrected. In addition, claim 11 in the record as 
amended, has a repetition of "and" in line 4. | 
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A copy of the appealed claims appears on pages 2 - 4 inclusive of 
applicant's brief and is correct except as to the spelling of “effluent” in 
the last line of claim 20. 
Applicant's description of the invention appears adequate. 
The references relied upon are the following patents and publi- 


cation: 
Squires 1,249,232 Dec. 4, 1917 
Russell 1,511,067 Oct. 7, 1924 
Russell 1,658,305 Feb. 7, 1928 
Spindler 1,826,371 Oct. 6, 1931 


"Petroleum Development and Technology in 1926" pages 51 - 69. 
American Institute of Mining and Metallurgical Engineers. 

The arguments and application of the references to the claims is 
set forth in the final rejection is felt to be sufficiently clear that no 
amplification thereof is thought to be necessary. Applicant has presented 
an extensive brief but the rejections are thought to be still applicable. 

The statements as to the citations being over twenty years old or 
suggesting carbon dioxide only as one of several suitable gases are not 
material. Each of the references fully supports the examiner's state- 
ment that this "art is replete with examples of the use of carbon dioxide 
gas used as a gas drive in oil recovery from oil formations". The 
essence of applicants’ arguments appears to be that they are the first to 
make actual use of a carbon dioxide drive in the field at pressures of 600 
p.S.i. or above. Affidavits and exhibits of its operation on wells are in 
applicants’ copending application Serial No. 102,306. This may or may 
not be true since no one can say with finality that in the thousands of 
welis that have had secondary recovery processes applied thereto that 
such process has not been previously tried. 

It is clear to the examiner that the prior art has pointed the way. 
The statements in the Spindler patent that carbon dioxide may be intro- 
duced at pressures "varying up to 100 to 500 lbs. or higher" and at 
another place, that the flooding fluid ''may vary up to 1800 lbs. or higher" 
cannot be ignored. Applicant depreciates these statements by pointing 


A 





264-1 | 
PLAINTIFF'S EX. 4 
out that the patent states these are initial pressures and that the pressures 
at the outlet wells are lower which is true. Nevertheless the patentee is 
performing applicants‘ process. i 
The fact that Spindler also may introduce additional air at 150 
lbs. pressure after such initial pressurizing which he discloses may be 
continued for "several days or even several months to build up 
the desired pressure in the (oil"sand",is not patentably material. Such 
air introducing step may or may not be used as desired. Applicant also 
urges that Spindler does not teach that his pressures are "effective" 
pressures, i.e., pressures above the formation pressure. Secondary 
recovery procedures are usually used after the formation pressure is de- 
pleted and no longer capable of flowing under its own pressure or by 
pumping. To so use Spindler's process would be only its normal use. 
With reference to the Russell patents, it is thought to be patent- 
ably immaterial that the carbon dioxide may form "bubbles" as described. 
The patent's disclosure is that carbon dioxide is introduced "at rock 
pressures" and as noted in the record, such pressure is usually defined 
as the pressure exerted by a column of water extending from the produc- 
ing zone to the surface. For ordinary wells of 2000 feet, this would be 
at least 600 p.s.i. and for the exceptional wells of 10, 000 feet, many 
times 600 p.s.i. The fact that the patents state that their process is used 
in wells where the rock pressure has declined does not mean that the 
pressure of the carbon dioxide supplied to the well is not “at rock pres- 
sure."" The patents are to the contrary. : 
The statement is made on page 24 of applicant's brief that "the 
Examiner has recognized the ineffectiveness of the Russell and other 
patents as a reference, for these reasons, in granting the recent Whorton 
patent No. 2, 623,596". This is denied. The patent claims a combination 
oil drive using carbon dioxide in an amount between 1.0 and 0.1 pore 
volume with a pressure of 1000 p.s.i. to 4000 p.s.i. and thereafter using 
an inert fluid (air, water or nitrogen disclosed). The Russell and 
Spindler patents have no such teaching. : 
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As to applicants' discussion of the Squires patent on page 25 of 


their brief, the patent is relied on merely for a definite teaching of re- 


covering hydrocarbons from the effluent of the output well. Such step 
obviously would be used in the practical operation of Spindler or the 
Russell patents. 

With reference to the publication, the table on page 56 clearly 
indicates that the solubility of carbon dioxide in oil from 500 to 1000 p.s.i. 
does not continue on the straight line obtained by plotting the solubility 
of 0 to 500 p.s.i. Instead the solubility rises between 500 and 1000 p.s.i. 
This is deemed to be suggestive to a researcher in the art that between 
such pressures, some phenomenon occurs which would bear investi- 
gation. With the perfecting of the technique of performing laboratory 
tests on artificially made oil-core samples, it would be merely the ob- 
vious thing to do. Hence no invention is involved. Applicants urge that 
increased solubility joes not necessarily give increased oil recovery. 
While it may be true that other gases that give increased solubility do 
not necessarily give increased results, this may be because of other fac- 
tors mitigating or cancelling the function. It does not follow that a thor- 
ough investigator would not perform laboratory tests to ascertain what 
might occur, particularly when known data indicates some unusual action 
does occur. 

The rejection of claim 20 as too broad is still thought applicable. 
The third paragraph of the new law (section 112) is not thought to be 
authority for allowing such claims. It is still encumbent upon an appli- 
cant to conform with the second paragraph of section 112 in "parti- 
cularly pointing out and distinctly claiming the subject matter". 

Claims 20, 21, 25, and 28 while setting forth a two step process 
do not patentably distinguish over the prior art for reasons fully set 
forth in the final rejection. 

Claims 1, 2, 20, 21, 35, 37 and 44 are also rejected as functional 
and broader than the invention in reciting the substance used by appli- 
cant as a "COp solubility modifying component". While terms such as 





102 


264-3 | 
PLAINTIFF'S EX. 4 
"catalyst", "solvent", etc., have been allowed in patent claims as noted 
by applicants and such terms may be permissible where it refers to 
some conventional operation of an art, it is thought that the term is im- 
proper in this case in view of such term being the novelty of any, of this 
case over applicants’ copending case Serial No. 102, 306. The term 
"COp solubility modifying component" is no more definite than “impuri- 
ties’ which the Court of Appeals (D.C. ) held in Purdue Research Foun- 
dation v. Watson 680 0.G. 1121 failed to conform to the patent statutes 
and was governed by cases "which withhold patents sought merely on the 
basis of results rather than on the structure producing the results". 
Moreover this term is so broad as to cover substances decreasing the 
solubility of COg which is a non-useful procedure and outside of appli- 
cants' teaching. Applicants controvert this on page 34 of the brief, but 
do not point out in the specification any statement as to the reason or use- 
ful result for utilizing a solubility decreasing substance. 

As noted in the final rejection beginning at the last paragraph of 
page 4, applicants are not the first to use a combination CO» - brine 
drive to recover oil from oil bearing formations. The position of the 
examiner is believed clear, and repetition of the statement is unneces- 


ary. 


For the reasons given, it is submitted the rejection was proper 


and should be sustained. 
Respectfully, 


/s/ Benjamin Bordett 
Examiner, Div. 4 


/s/ R. L. Evans/n 


Sol Shappirio 
Washington Loan & Trust Bldg., 
Washington 4, D. C. 
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[Mailed July 29, 1955] 


U. S. PATENT OFFICE 
BOARD OF APPEALS Appeal No. 408-18 


Hearing: June 27, 1955 
IN THE UNITED STATES PATENT OFFICE 


BEFORE THE BOARD OF APPEALS 


Ex parte James W. Martin, Frederick A. Hessell, 
Irving P. Hammer and John B. Rust 


Application for Patent filed July 6, 1949, Serial No. 103, 236. 
Hydrocarbon Recovery from the Earth. 


Sol Shappirio for Appellants. 


This appeal was filed from the final rejection entered in this 
case. In the reply brief appeliants request that the appeal be dismissed 
as to claims 4, 16 and 28. This leaves for our consideration claims 1, 
2, 3, 5, 11,17, 18, 20, 21, 25, 35, 37 and 42 through 46. The present 
case is a companion case to Serial No. 102, 306 decided concurrently 
herewith. These two companion cases were argued together and involve 
identical disclosures and claim the same subject matter except for the 
one difference introduced by the instant case, namely, the use of a CO9 
solubility modifying component. As to every other feature of the claims, 
the issues presented are identical to those presented in the companion 

104 case and the arguments are identical. As appellants point out at the top 
of page 6 of the instant brief, the major portion of the brief herein 
presented is a copy of the brief in the companion case. As to all features, 
except the COs solubility modifying component, we refer to our opinion 
aS given in the companion case and incorporate the same by reference as 
a portion of the instant opinion. 
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Claims 1 and 17 are illustrative and read as follows: 

1. A method of treating a subterranean hydrocarbon bearing 
formation which comprises contacting said formation with carbon dioxide 
at an effective pressure of the carbon dioxide of at least 600 p.s.i. to 
increase the solubility of the carbon dioxide in the hydrocarbons present 
and in the presence of an aqueous solution of a COg solubility modifying 
component to produce an effluent containing hydrocarbons, and recover- 
ing hydrocarbons from the effluent. | 

17. A method of recovering hydrocarbons from a hydrocarbon 
bearing formation penetrated by an input well and an output well communi- 
cating through a formation with the input well, which comprises intro- 
ducing in the presence of brine, carbon dioxide through the input well 
into the formation at an effective pressure of the carbon dioxide of at 
least 600 p.s.i. to increase the solubility of the carbon dioxide in the 
hydrocarbons present and withdrawing effluent through the output well, 
and recovering hydrocarbons from said effluent. : 

The reference relied upon are: ! 

Squires 1, 249, 232 Dec. 4, 1917 


Russell 1, 511, 067 Oct. 7, 1924 
Russell 1, 658, 305 Feb. 7, 1928 
Spindler 1, 826, 371 Oct. 6; 1931 


" Petroleum Development and Technology in 1926" pages 51-69. 
American Institute of Mining and Metallurgical Engineers. 


As already noted, the instant case differs from the companion 
case in the use of an agent that modifies the solubility of COg. An in- 
spection of quoted claims 1 and 17 shows that the expression "solubility 
modifying" can mean either increasing the solubility or decreasing the 
solubility of COs in something. It is not apparent from a claim, such 
as claim 1, whether the solubility of the CO, in water or in hydrocarbons, 

105 or both, is modified. An inspection of claim 17, which specifies 
that the COs is introduced through an input well into the oil-bearing for- 
mation in the presence of brine and at the specified pressure “to increase 
the solubility of the carbon dioxide in the hydrocarbons present" seems 
to indicate that the solubility modifying agent increases the solubility of 
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COg in the hydrocarbons. A description of CO» solubility modifying 
components in the instant case appears in the specification, particularly 
on pages 4 through 9. On pages 6, 7 and 8 a considerable number of 
classes of materials and some particular materials are set forth, which 
are stated to modify solubility of carbon dioxide. 

Exactly what the operation of these materials is, is difficult to 
determine from the disclosure. However the disclosure as to solubility 
modifying must be read in connection with the remaining disclosure in 
the case. The remaining disclosure in this case, as has been brought 


out in our opinion in connection with the same disclosure in the com- 


! 
A 
‘ 
i 
f 
{ 
» 


panion appeal, is that increase in pressure causes greater amounts of 
COg to dissolve in the hydrocarbons in the well and that hydrocarbon 
recovery improves with pressure. In other words, that hydrocarbon 
recovery improves with the amount of CO» dissolved in the hydrocarbon 
because of increase in pressure up to the neighborhood of 1000 p.s.i., 
this improved recovery starting with CO9 pressures of about 125 p.s.i. 
The examiner has rejected a number of claims, namely claims 1, 

2, 20, 21, 35, 37 and 44 as functional and broader than the invention due 
to a recitation of a CO» solubility modifying component on the ground 
that this covers agents or substances that will either decrease or in- 
crease the solubility of CO9g. It appears to be the examiner's viewpoint 

106 that the disclosure is directed to having the solubility modifying 
component act on the hydrocarbon to cause the hydrocarbon to dissolve 
a greater amount of COg. It seems to be the examiner's further view- 


point that since, under the disclosure, increasing amounts of COs dis- 





solved in the hydrocarbon with increasing pressure improves production 





and lesser amounts under lesser pressures give less good production, 
the use of a Solubility modifying agent that would decrease the amount of ° 
COg dissolved in the hydrocarbon is a non-useful procedure. 


Appellants' presentation of arguments as to this rejection is in 
the brief pages 32, 33 and 34 and in the reply brief as item 9, starting 
on page 8. AS appellants point out, they have disclosed a sufficient 
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variety of diverse materials so as to be entitled to claim them as com- 
ponents or ingredients for performing the desired function. 

We believe that as thus far stated appellants’ viewpoint is correct. 
However, this is not the case as to the essential objection made by the 
examiner. This, as we understand it, is that if increasing solubility is 
useful, decreasing solubility, which is the antithesis thereof, is non- 
useful. We may also state that this same viewpoint could be stated in 
the reverse. If a decrease is useful, an increase, being the opposite 
thereof, would be non-useful. Appellants argue (see the brief paragraph 
starting at the bottom of page 5 and at the top of page 34, and reply brief 
item 9) that substances which both increase and decrease solubility are 
useful. We have carefully scrutinized these arguments and are puzzled 
thereby. Nothing contained therein is persuasive of any error in the 
examiner's position. Nowhere in either the brief or reply brief do appel- 

lants explicitly state wherein these two opposite actions can both 
be useful. : 


If the action of the solubility modifying component is on the hydro- 


carbon and decreases the solubility of CO, therein, the purposes of this 
invention are clearly defeated, since the remainder of the disclosure 
deals with increasing the amount of COs absorbed in the hydrocarbons in 
order to increase recovery. Thus we agree with the examiner that the 
claims are broader than the disclosure if the solubility modifying action 
takes place on the hydrocarbon. : 

However, in the specification there is an indication that the solu- 
bility modifying may act on the water. All other conditions being the 
same, a less total quantity of COy would be absorbed in the liquids in 
the well if the solubility modifying action decreased the amount of CO» 
in the water under given temperature and pressure conditions. This 
would be a useful action since the CO» that remains dissolved in the 
water is not available for solution in the hydrocarbon with its effect of 
increasing recovery. However, under these circumstances components 
that increase solubility of COg in water would be non-useful since such 
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components would necessitate feeding a great deal more COp in the well 
for the same degree of recovery and the claims are broader than the dis- 


closure under this assumption. 


It may be, and there is a vague suggestion to this effect in the 


specification, that under some conditions not disclosed the solubility 
modifying agent can increase the amount of CO5 dissolved in the water 
and cause release of the same to the hydrocarbons in the well under some 
undisclosed change of conditions in the well. In the absence of an ex- 
plicit disclosure of necessary conditions and statement thereof in the 

108 claims, under this assumption the claims are functional and 
broader than the disclosure. 

Thus we are in agreement with the examiner that the claims are 
broader than the disclosure and recite functions non-useful under the 
various assumptions as to what the disclosure may mean, and we are of 
the opinion that this rejection of claims 1, 20, 21, 35, 37, 42 and 44 
should be affirmed. 

The claims are further rejected on the art as applied in the com- 
panion case, on the further ground that Russell 1,511, 067 discloses in- 
troduction of COo into oil-bearing wells which have been flooded with salt 
water (See page 2, lines 26-29), and that, while Russell does not disclose 
the fact that salt water is a CO» solubility modifying agent, if it has such 
a function in appellant's process, the corresponding function is inherent 
in Russell. 

We are in agreement with the examiner that Russell clearly dis- 
closes that CO9 can be used with salt water in recovering hydrocarbons 
from well bearing formations and that the salt water of Russell corres- 
ponds to the brine recited in the claims either generically or specifi- 
cally, see particularly the specification of the instant case page 7 lines 
1 and 2 where it is stated: 

*, . .the term brine will be used herein to cover such solu- 

tions when they contain at least sodium chloride. . ." 

We find nothing in either the brief or reply brief persuasive of error in 
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this holding of the examiner. The argument is that Russell does not 
disclose the critical pressure limitation of at least 600 p. s.i. (see 


brief page 34). We have disposed of this contention in the companion 


case and remain of the Same opinion here. | 

Claim 20 is rejected as too broad on the ground that the reci- 
tation of contacting said formation with an agent to open up said de- 
posits does not conform to 35 U.S.C. 112 since it is not stated what the 
agent is. For the reasons given in the companion appeal relative to 
claim 15, we cannot affirm this rejection. 

Claims 20, 21, 25 and 28 specify generically or  epecitivally that 
COg opens up the oil-bearing formation. We are in agreement with the 
examiner that if this results when appellants use COg, C02 will give the 
same result for Spindler or Russell. As appellants admit on page 31 of 
the brief, patents are not granted for scientific explanations so that their 
explanation that COo has this effect cannot form the basis for granting a 
patent as we pointed out in the companion case. 

We have considered all of the contentions advanced by appellants 
but are of the opinion that the examiner's rejection of the claims as un- 
patentable over the art is correct and should be sustained. 

The appeal is dismissed as to claims 4, 16 and 28. 

The decision of the examiner is affirmed. : 

/s/ Mark Taylor 3 


Examiner-in-Chief 
/s/ M.H. Friedman 
Examiner-in-Chief 


/s/ M.F. Bailey 
Examiner-in-Chief 
July 29, 1955 (Acting) 


Sol Shappirio 
Washington Loan & Trust Bldg., 
Washington 4, D. C. 
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gas expansion and gravitational force is ineffective in removing this 
adhesive oil film, the mineral surfaces remaining wet with oil after all 
free-draining oil hie been expelled. 

Oil thus retained on the surfaces of the reservoir rock is not & mere 
superficial film but under the influence of high reservoir pressure is 
driven into all crevices and cleavage planes. Individual sand grains, 
though small in size, are nevertheless capable of being broken into smaller 
fragments, and the minute cleavage planes and fractures, along whieh 
such subdivision may occur, communicate directly with the mineral 





(From a paper ie 8 the author we National Petroleum News.) 
Fig. 24.—Sketch illustrating retention of petroleum on, within and between sand 
grains by adhesion and capillarity. All free-draining oil has been evacuated from the 
larger pore spaces. 


grain surfaces. These minute crevices exert capillary force and draw 
oil from the grain surfaces. Most apparently solid mineral surfaces have, 
‘in reality, a loose crystalline structure that often permits fluids to enter. 
Quartz, marble, feldspar and other common rock-forming minerals are 
easily stained with oil, and the stain is not merely a surface coating but 
‘extends to measurable depths (see Fig. 24). Sand that has been in 
‘contact with oil feels greasy, though the surface oil may have been com- 
pletely removed by solvents; and, if subsequently brought into contact 
with oil, the mineral will greedily retain it. On the other hand, it cannot 
readily be wet with water. The subsurface pores of the mineral may 
thus retain a fluid, even though the surface is apparently free of it. It is 
considered probable that pressure conditions have some influence in 
‘determining the degree of penetration of the mineral grain surfaces by 
the oil, it being easier to remove the oil film from a mineral surface 
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Fig. 2—Water production of test five-spot. 


Operation of Orco Process 
near Richburg, N. Y. 


by James W. Martin* 


Field tests on Knight farm of Bradley Producing 
Corp. result in increased oil and gas production 
by injection of carbon dioxide and plain water 


HE Knight farm, a Bradley Produc- 

ing Corp. property due west of 
Richburg, N. Y., was chosen the loca- 
tion for the initial field test of the 
Orco process. This spot was consid- 
ered to have the most desirable char- 
acteristics for a test of this nature 
because: | 

31. The sand is thick and character- 
istic of this area. 

2. The property has a prolific pro- 
duction history which indicated high 
residual-oil saturations after water 
flooding. 

3. The property has been subjected 
to a continuous water flood for about 
15 years and is considered “watered 
out” ‘even below its economic limit. 

4; Two almost new wells were avail- 
able for a half-acre test five-spot and 
two sets of cores had been recently 
taken. — 

5. The area is easily accessible by 
a good paved road running through 
the property. 

The data given here are compiled 
from the records kept during the test 
period. When in this report, interpre- 
tations of the test data are given, 
they represent those views in which 
there is substantial concurrence 
among the observers of the test and 
test data. This group of 11 engineers 
included the engineers of 2 oil-pro- 

"Vice president, Engineering, Oil Recovery 
Corp., New York. Paper presented at sixth 
annual meeting, Pittsburgh section, A.I.M.E., 
William Penn Hote}, Pittsburgh. Nov. 2, 
1951. 


ducing companies and representatives 
of 2 independent firms of reservoir 
engineers. The statements regarding 
the phenomena observed during the 
test are based on work done in part 
by the above groups, and by an in- 
dependent research laboratory with a 
considerable background in the oil 
industry. 

Wells on the lease on which the 
test was made had been pumped for 
many years but within the last year 
or two, prior to the test, oil produc- 
tion had diminished to a point where 
pumping was no longer profitable and 
the wells were flowed. Water was in- 
jected at from 600 to 1,000 psi. top- 
hole pressure. Wells within a radius 
of 400 ft. surrounding the test area, 
approximately 8 acres containing 
eight wells, showed a production rate 
for the period of flowing, just prior 
to the test, of approximately 740 bbl. 
per year, or 92 bbl. per well per 
year. 


The test area was a five-spot con- 
sisting of four injection wells and a 
centrally located production well. The 
area of the five-spot was approxi- 
mately 0.45 acre and the distance be- 
tween injection wells. and production 
well was about 100 ft. The sand is 
about 42 ft. in thickness, varies in 
air permeability from 1 to 98 md. 
(average 14 md.), has an average po- 
rosity of 15 per cent, |and an average 
oil saturation of 33 per cent. Depth 
of sand was below 1,100 ft. and bot- 


tom-hole pressure of producer was 
400 to 500 psi. ; 

On September 12, 1949, carbon di- 
oxide injection was begun. This car- 
bon dioxide was obtained from pres- 
sure cylinders in which dry ice had 
been placed and permitted to sublime 
into carbon dioxide gas-or melt into 
liquid carbon dioxide. Inasmuch as 
the sand near the injection well was 
known to contain sufficient water and 
oil readily to dissolve the amount of 
carbon dioxide injected, the greater 
part of the carbon dioxide was in- 
jected continuously for 21 days. In 
the latter stages of the injection, 
however, carbon dioxide was inject- 
ed during the daylight hours and 
water was injected at night. This pro- 
cedure continued for 34 days. The 
total amount of carbon dioxide in- 
jected was 369.6 tons. Under existing 
conditions approximately one-fourth, 
or 92 tons, should have entered the 
0.45-acre test area. 

Following the injection of carbon 
dioxide, plain water was introduced 
into the four injection wells at around 
1,000 psi. This injection of water was 
continued during the 2 years of the 
test. 

Charts showing the monthly pro- 
duction data for the 2-year period of 
September 1949 to September 1951 
have been prepared and cover the fol- 
lowing steps: 

Oil production.—Fig. 1 indicates 
that the production well drilled in an 
area that had normally been produc- 
ing about % bbl. of oil per day had, 
within 1 month after the start of 
carbon dioxide injection, surpassed 
this average oil production. Within 4 
months it had reached a, peak 5-day 
average production of 2.57 bbl. per 
day and from this peak the’ produc- 
tion has declined in the characteristic 
water-flood decline curve to a pro- 
duction in September 1951 of 0.35 bbl. 
Because of the short spacing of in- 
jection and production wells the de- 
cline curve is much foreshortened. 
The total amount of oil obtained from 
the producing well during the first 
2 years of the test was 637 bbl. 





Water production.—This rose sharp- 
ly during the first 2 months of the 
test period and then tended to level 
off for almost a year. (See Fig. 2.) 
Since that time water production has 
declined and is, at the end of the 
2-year period, less than one-half of 
the peak production. 

Water-production data are erratic 
during the second year due, in part, 
to an attempt to selectively plug off 
some of the more permeable strata 
which were found to have been car- 
rying a large share of the water 
throughput. 

Water-oil ratio—Initially between 
120 and 130, this has declined in in- 
verse proportion to the production of 
oil (see Fig. 3). The water-oil ratio 
reached a monthly average of 51 with- 
in 4 months after the injection of the 
carbon dioxide had started and then 


WATER - OIL RATIO 


CUBIC FEET PER DAY 


Fig. $—Estimated production of total CO, gas and CO; gas carried 
in solution, test five-spot, 





increased. The plot in Fig. 3 is also 
erratic during the period in which 
attempts at selective plugging were 
being made. During most of the test 
period the water-oil ratio was lower 
than what it was at the beginning or 
at the end of the test. 

Production of total gas.—This (both 
carbon dioxide and hydrocarbon 
gases) rose to a peak at about 3 
months subsequent to the peak of 
production of oil and from this peak 

has declined rapidly as indicated by 
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Fig. 4. At the peak thére were ap- 
proximately 3,650 ‘cu. ft. per day, and 
at the end of thei2 years of the test 
period are | ag being produced 360 
cu. ft. per day. e concentration of 
carbon dioxide also rose rapidly to 90 
per cent in January 1950 and re- 
mained about constant for 6 months. 
ag June of 1950 the concentration 
declined until in September of 
ant the produced: gas is about 60 per 

cent carbon dioxide. 
Production of carbon dioxide.—Fig. 


DATA FROM WELL 89 TAKEN ABOUT 10 MONTHS AFTER START OF ORCO PROCESS 





Zone Netfeet .Avg. Residual ———Production*. Water-oil 
Nos. ‘ofsand = perm. oil 5 | ratio 
di ces teen Sean s 10.5 36.5 ‘Trace 11,000:1 
2 wontes Tegioss caren 10.2 9.8 25 cu. ft./day .010 B/ft. day 137:1 
Dy. Marscae soraaddanciowenns 125 108 35 3 cu. ft./day 015 B/ft. day $1:1 
D penarde aaeonyeau bncics 8.5 8.5 32 2 cu. ft./day 024, B/ft. day 62:1 


*Given in cubic feet and barrels per foot of men per day. 100, is total gas produc- 


tion times per cent CO, in this gas. tApproximate. 


GAS - CUBIC FEET PER DAY 


WATER INPUT - BARRELS PER DAY 





Fig. 7—Average water intake per well, test five-spot. 
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5 indicates the carbon dioxide started 
to emerge with the oil and water from 
the producing well within 6 weeks 
after injection of carbon dioxide was 
started. The production increased 
rapidly until April of 1950 when a 
monthly 4verage production of 3,250 
cu. ft. per day was reached. From 
this peak of production the volume 
of ¢arbon dioxide has dropped until 
at the end of the 2-year period it was 
about 210 cu. ft. per day. 


Also it can be seen from Fig. 5 that 
a relatively small amount of carbon 
dioxide remained in the water even 
after it emerged from the production 
well. 

The total carbon dioxide produced 
during the 2 years of the test amount- 
ed to about 65 tons. All of this was 
suitable for reuse. 


Production of natural gas.—Along 
with the carbon dioxide there was 
produced a substantial amount of hy- 
drocarbon’ gases. The production of 
hydrocarbon gases rose to a peak 7 
months later than the peak of oil pro- 
duction and 4 months later than the 
peak of carbon dioxide production. 
Having reached the monthly average 
production of approximately 500 cu. 
ft. per day in August 1950, it has, by 
September 1, 1951, declined to ap- 
proximately 150 cu. ft. per day (see 
Fig. 6). 

Water injectivity.— From Fig. 7, 
showing the average water intake per 
well, it can be seen that although 
well-head pressure remained constant 
over most of the period, the average 
water injection; rose from approxi- 
mately 60 bbl. per day to a peak of 
90 bbl. per day. This peak correspond- 
ed approximately with the peak of 
oil production. Injectivity of the 
wells remained well above the ini- 
tial injectivity for the greater part 
of the test period, but at the end of 
the period had declined to around 40 
bbl. per day. During the latter part 
of this period imjectivity was sub- 
stantially modified by the injection of 
a selective plugging agent. 

During the early part of August 
1950, just prior to the middle of the 
test period, an observation well (Well 
No. 99) was drilled halfway between 
one of the water-input wells and the 
production well. This well was drilled 
(but not shot) and was tested by 
stages through the oil sand. Data ob- 
tained from this observation well are 
summarized in the accompanying 
table. 





From the table it would appear that 
the carbon dioxide at this time had 
completed its action on the upper 10 
ft. of sand (Zone 1). This assumption 


-is based on the high permeability of 


the sand in this section coupled with 
the absence of carbon dioxide and the 
lack of any additional oil production. 
The other three zones (2, 3, and 4) 
show various stages of progress in the 
passage of the carbon dioxide. 

The significance of some of the pro- 
duction data obtained may be sum- 
marized as follows: 


1. In an area that had previously been 
producing at a rate of 92 bbl. per well per 
year, there has been produced, in 1 year, 
470 bbl. of off and in 2 years, 637 bbl. On 
a per acre basis these figures are 92, 1,045, 
and 1,410 bbl. of oil respectively. 

2. The amount of carbon dioxide that en- 
tered the test-area five-spot was estimated 
at $2 tons. When allowance has been made 
for certain known leakage, the net amount 
of carbon dioxide that actually entered the 
test area was probably less than 80 tons. 
This amount of carbon dioxide would be 
sufficient to have saturated. between 10 and 
15 per cent of the water and oil in the oil 
sand within the test area. When the radial 
flow pattern is considered this’ probably 
means that the total liquids of the oil sand 
were carbonated to between 10 and 15 per 
cent of their full carbon dioxide satura- 
tion point. 


The proportion of gas to liquids in the 
produced fluids was atino time greater than 
that required to only partially saturate the 
liquids. The conclusion is warranted that 
all gas in the oil sand was in solution in 
the liquids and was released in the pro- 
ducing well. None passed through the sand 
in the gas phase. 

3. Within the 2 years of the test period 
approximately 65 tofis of carbon dioxide 
(say 80 per cent of that injected) has been 
recovered in a condition suitable for re- 
cycling. 

4. In a careful analysis made by some of 
the reservoir engineers who had followed 
this test it was concluded that after con- 
sidering the amount of carbon dioxide used 
and deducting the amount of oil produc- 
tion that could be attributed to the in- 
creased water throughput, there still was 
an oil production almost double what could 
have been brought about by increase in 
formation volume. They reported that the 
additional recovery obtained in this test of 
the process cannot be explained by the 
swelling effect of the carbon dioxide dis- 
solved in oi] but must be due to some other 
factors. 

5. The input capacity of the four five- 
spot input wells has been substantially in- 
creased and the increase maintained for a 
pertod of about 1 year. The magnitude of 
the increase is approximately 50 per cent. 
The input capacity of two old wells, which 
were treated with relatively small quanti- 
ties of carbon dioxide (recovered from the 
five-spot producing well) has been prac- 
tically doubled and the increase has been 
maintained .for several months. 

6. As can be noted from the data ob- 
tained from the observation well, little if 


any, carbon dioxide remains behind in the 
looser zones from which the carbon diox- 
ide had already passed at about the mid- 
point of the test period. 

7. The application of the Orco process 
produced no corrosion problems. 


Phenomena observed.—In addition 


to the production data several phe- 
nomena were observed during this 
test. Among these are: 

1. Frequent qualitative tests showed the 
presence of organic acids in the produced 
water during the test. None was found in 
produced water in nearby areas not treat- 
ed with carbon dioxide. It has been re- 
ported that condensate well fluids show 
presence of organic acids when carbon di- 
oxide is present and that the organic acids 

in condensate wells are the low- 
er fatty acids, probably propionic acid, etc. 

2. During the first 4 months of the test 
period there was brought to the surface. 
with the produced water. upward to about 
a ton of barium sulfate. The normal amount 
of barium sulfate produced on this lease 
consisted of small amounts of what is 
termed “gyp” and in encrustations on the 
barrels of well pumps. 

3. Orsat analyses of the hydrocarbon 
fraction of produced gases showed a pro- 
portion of sulfuric acid-soluble constituents 
that increased and diminished as the test 
proceeded. Even after deducting from this 
acid-soluble constituent that portion repre- 
senting certain of the heavier hydrocarbons 
which might be acid soluble, there re- 
mained a portion which could scarcely be 
accounted for other than as unsaturated 
hydrocarbons. 

As judged from frequent Orsat determi- 
nations the portion of produced gas be- 
lieVed to be unsaturates increased from 
zero in the gases when no carbon dioxide 
was present, to a maximum of 20 to 23 
per tent unsaturates in the hydrocarbon 
fraction at the peak of gas production; 
dropped to 4 or 5 per cent in August 1951; 
and to zero unsaturates again in samples 
taken in October 1951. Mass spectrographic 
analysis was unobtainable until August 
1951, when the unsaturates were found, by 
the laboratory of a large oil producer, to 
total 3.5 per cent of the hydrocarbons pres- 
ent (mostly butylenes and pentylenes) and 
in October, a similar type of analysis by the 
Bureau of Mines showed the absence of 
any unsaturates. An analysis taken from 
another Orco process flood prior to peak 
oil production but while the produced gas 
contained per cent carbon dioxide, 
showed that 7.5 per cent of the hydrocar- 
bon fraction were butylenes and 2.4 per 
cent were pentylenes. 

4. On the lease on which the test area is 
located no substantial amount of natural 
gas is produced with the oil. The gas con- 
tent of the oil is stated to be about 30 cu. 
ft. per barrel. As indicated by Fig. 6 the 
production of hydrocarbon gases rose to a 
peak of 500 cu. ft./day and over the 2-year 
period of the test amounted to about 200,000 
cu. ft. This is equivalent to 310 cu. ft. per 
barrel of oi] produced. Not only was this 
unexpected amount of hydrocarbon gases 
produced, but these gases showed a sur- 
prising absence of any substantial amounts 
of methane. Further it may be significant 
that carbon monoxide was found in amounts 
as high as 2.6 per cent of the total gas— 
about 1 part of monoxide to % parts of 
carbon dioxide. 
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New Carbon Dioxide Process 





In Secondary Recovery Brings 
Commercially Interesting Results 


Ho RAPID GROWTH of second- 

ary recovery of oil is the best 
proof that the oil industry is awake 
to its possibilities. However profit- 
able as are the present secondary 
recovery methods, the amount of 
residual oil left behind is great. Fur- 
ther, the cost of finding this remain- 
ing oil and the. development of the 
field have already been incurred; 
the oil is known to be there; a means 
of removing this oil would be of 
great value. 

A method for getting out the 
larger portion of this residual oil 
at reasonable cost has been devel- 
oped and proved successful for cer- 
tain types of reservoirs. This meth- 
od is known as the Orco Process. 


Description of Orco Process 


The improvement possible through 
use of this new process is indicated 
in the chart showing the decrease 
in residual oil of cores treated in a 
nationally known core laboratory? 
with a normal water flood and with 
the Orco Process. (Chart 1}. 

Basically, the Orco Process con- 
sists of bringing carbon dioxide into 
contact with an oil sand. Little, if 
any, reservoir energy is supplied 
by the carbon dioxide, the move- 
ment of the oil depends on water 
or other sources of energy. 

The factor that makes the process 
economically feasible is the limited 
amount of carbon dioxide required. 
The use of carbon dioxide for a gas 
drive, even if carbon dioxide were 
to be produced at the low cost of 
$10 per ton (58¢ per thousand cu. 
ft.), would not be economically 
feasible. The use of dilute mixtures 
of carbon dioxide in other gases (for 
example, flue gas) as a gas drive 
or if combined with a water flood, 
Coes not bring about any material 
benefit from the carbon dioxide, for 


By JAMES WELLFORD MARTIN(*) 


Chart | 


Results of Core Analyses Using 
Orco Process 


(Average of 35 Mid-Continent Cores) 


(Numerals on Side Represent Residual Oil 
in Percent of Pore Space) 





1. Represents estimated initial residual oil. 

2. Represents estimated residual oil after 
removol of off oif economically recov- 
erable by present methods. 


3. Represents the cctual residual oil after 
trectment with Orco Process. 


the partial pressure of the carbon 
dioxide in such a mixture is below 
that critical pressure required for 
its action on the hydrocarbons in 
the oil sand. 


The Orco Process may be sum- 
marized as being the use of calcu- 





(*) Vice President — Engineering, Oil Recovery Corporation, 405 Lexington 


Avenue, New York 17, New York. 
(1) Earlougher Engineering, 





Tulsa, Oklahoma. 


lated amounts of relatively pure 
carbon dioxide dissolved in the 
fluids of the oil-sand under certain 
controlled conditions. The conditions 
for applying the process can be de- 
termined only by a study of the 
particular oil field conditions and 
the nature of its crude oil. The use 
of carbon dioxide is not simply a 
matter of injecting it and producing 
oil; in order to profitably produce 
the additional oil, the carbon di- 
oxide must be injected in carefully 
controlled quantities and under con- 
ditions determined by the particular 
reservoir conditions and the tech- 
nique which must be applied 
throughout the life of the flood must 
be based on experience. 


The process can be applied during 
primary recovery, secondary recov- 
ery or tertiary (third crop) re- 
covery. The major emphasis for 
commercial application, so far, has 
been in secondary and tertiary re- 
coveries. Applying the process for 
tertiary recovery is attractive, but 
applying it near the beginning of 
an ordinary water flood is more 
profitable because in applying the 
Orco Process concurrently with the 
water flood, the extra oil is ob- 
tained at the same time and at no 
expense other than that of the car- 
bon dioxide. 


One Application 


A brief example of how the pro- 
cess may be applied near the start of 
a water flood is as follows: 


Carbon dioxide from a small car- 
bon dioxide plant, located on the 
lease, is injected initially into one 
or more of the water injection wells. 
The amount of carbon dioxide, the 
pressure, and rate of injection, is 
predetermined. After the carbon 
dioxide is injected the normal water 
flood is resumed. 


BEST COPY ; 
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If the spacing of the wells is more 
than, say, 330 feet, the additional 
oil produced by the Orco Process 
can be expected to show up at the 
producing well along with a portion 


of the carbon dioxide gas within’ 


six months to a year depending on 
permeability of the sand and the 
pressure drop between injection and 
producing wells. This production of 
carbon dioxide will continue in sub- 
stantial quantities for a period of 
about two years. 


The carbon dioxide thus produced, 
usually mixed with a minimum of 
about 5 percent of natural gas, is 
separated from the oil in the stock 
or “gun barrel” tanks and is piped 
from the top of these tanks to com- 
pressors in the carbon dioxide plant. 
The recovered: gas may be mixed 
with the manufactured carbon di- 
oxide and again injected into other 
wells. In the recovered gas the ad- 
mixture of a limited proportion of 
natural gas is found to be beneficial 
to oil recovery. 

If the mixture of carbon dioxide 
and natural gas, as recovered, should 
become high in natural gas, say 
more than 50 percent, the mixture 
may then be fed into the fire box 
of the carbon dioxide plant boilers 
where the natural gas is burned 
and ‘the carbon dioxide passes 
through the fire box to enrich the 
flue gas from which the carbon di- 
oxide is being separated in the pro- 
cess of carbon dioxide manufacture. 
The natural gas from the mixture 
thereby serves as incremental fuel 
for the carbon dioxide plant. 


Recovery and Reuse 


As can be seen from the above it 
is more economical of carbon di- 
oxide to apply the Orco Process in 
an intensive system to a progressive 
or rolling water flood because the 
recovered carbon dioxide can be re- 
used over and over. A general idea 
of what schedule could be expected 
on a progressive Orco Process flood 
is shown in Curve II— “Schedule 
of Treatment with Orco Process.” 
These curves are based on applying 
25 tons per day of purchased or 
manufactured carbon dioxide to an 
area starting with one 20-acre 5- 
spot and progressing to cover the 
entire lease. The sand is assumed 
to be 35 feet thick and would have 
contained 35 percent residual oil 
after a normal field water flood. 
Curve ITI — “Schedule of Recovered 
Carbon Dioxide’’—shows the 
amount of carbon dioxide mixture 
recovered, assuming that the mix- 
ture will average, over the two-year 
period, about 80 percent carbon di- 
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Top line is additional acres treoted, the wide | line i cumulative ocres treated, and 
the dotted line is cumulative acres under treatment. 


oxide and 20 percent natural gas. As 
can be seen the maximum recycling 
of this gas mixture will amount to 
cnly about 2 cfm per acre of area 
treated. 


Oreo Process Initial Field Test 


The first Orco Process field test 
(in Allegany County, New York) 
was a flood test on a half-acre five- 
spot. The test was a tertiary flood 
on a sand that had already been 
water flooded to its commercial limit. 


The water was injected at about 
1000 p.s.i. well-head pressure and 


the ee well was flowed (not 
pumped) at a slight back pressure. 


Before the start of this test, wells 
within a radius of 400 ft. surround- 
ing the test area.(approximately 8 
acres containing 8 producing wells) 
showed ja production rate, for a 
period in which they were flowed 
under conditions similar to the test, 
of about 92 barrels/acre/year of 
.25/B/A/Day. 


The per-acre production figures 
in this initial test for the first sev- 
enteen months are as follows: 


i 


Curve Ill 


Schedule of Recovered CO. and CO. Plus Netural Gas. 
Orco Process On 20-Acre vale “tT Day CO. Plant, 550 Acres 
reat 
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Oil produced in 
17 months 1260 B/A 2.47 B/A/Day 


1.4 B/A/Dey 


4.2 B/A/Day 

The attached Curve IV indicates 
the salient production data by 
months. This well, near the end of 
two years of the test flood, is pro- 
ducing at the rate of about one 
barrel/acre/day (four times its rate 
before starting the Orco Process) 
snd can, within the life of the flood, 
be expected to produce over 2000 
barrels of oil per acre. 

As is to be expected from any 
initial field test the results were. not 
as good as should be obtained from 
subsequent applications because the 
techniques of field usage had to be 
learned. However, this initial test 
showed that on a projected com- 
mercial scale application the eco- 
nomics of even this initial test 
would be favorable. (See cost fig- 
ures below). 

In addition to the above produc- 
tion data, much other information 
was obtained from this test. 

The use of carbonated water in- 
creases the water injectivity of the 
oil sands. The injectivity of the in- 
jection wells was increased ap- 
proximately 50 percent. In other 
wells .in fairly tight sands it was 
found that relatively small amounts 
of carbonated water doubled the in- 
jectivity. 

When carbon dioxide or carbon- 
ated water is used in the controlled 
concentrations mentioned above, no 
evidences of corrosion were noted in 
the production wells or in any of 
the equipment used in handling the 
produced fluids. 

The use of carbonated water does 
not present any difficult problems 
from deposition of solids at the pro- 
duction wells and separators. 


A large proportion of the carbon 


dioxide used in this treatment is 


recoverable for reuse. In this test 
about 90 percent of the carbon di- 
oxide injected in this test area is 
being produced with the oil. The 
concentration of the produced gas 
has been on the average above 85 
percent carbon dioxide. At the end 
of two years it is above 65 percent. 


No change in the nature of the oil 
by reason of this treatment was 
noted in the customary field analy- 
sis. 

Example of Economics 
Of Orco Process 

Preliminary economic studies have 
been made from the data already 
assembled. 


1. A cost study was made using the 
actual production data of the ini- 


tial field test, described above, but™ 


applying cost figures comparable to 
those anticipated in actual commer- 
cial size floods in the Penn Grade 
area. | 


rium the above it can be calcu- 
lated that about 400 tons of carbon 
dioxide per acre will be required. 

Starting with one 20-acre 5-spot, 
about 8000 tons of carbon dioxide 
is required at the rate of 22 tons 
per day over a period of one year. 


Cost Study No. 1 
(Besed on Results of Actual Initial Tests) 
Tertiary Recovery by Orco Process 


Projection of Initial Test Flood Data to a Commercial Scale Flood in the 
Penn Grade Area 


40 Foot Sond, 30 Percent Residual Oil — 300 Acre Basis — 10 Year Flood — 
2000 B/A/Recovery 


2000 ph @ hal 25 x 300 Acres 
Cost o 


sacha can @ $. 50/B x 2000 x 300 
Overhead @ $.20/B x 2000 x 300 
Cost of Engineering 


Cost of Carbon Dioxide: $1480/A x 300 


$2,550,000 
$200,000 


120,000 
60,000 
444,000 


80 tons/A produced @ $14/ton — $1120 


120 tons/A recycled @ $ 3/ton — 


200 $148 
Cost of Injected Water @ $1.25/100-B 


Net Returns (before taxes, royalties, etc.) 


(2) Taking advantage of lessons 
learned on this initial field test it 
is probable that an actual commer- 
cial flood on a similar watered-out 
sand will show results nearer to the 
following cost study. 


360 

411,000 
—_——_—_— 1,535,000 
$1,015,000 
Experience indicates that the limit 


of injectivity of one well with sand 
conditions as above is more than 50 


‘tons of carbon dioxide at 800 p.s.i. 


per 24 hours. 


Cost Study No. 2 


Tertiary Recovery by Orco Process 
Estimated Commercial Scale Production and Costs in the Penn Grode Area 


40 Foot Send, 30 Percent Residual Oil — 300 Acre Area—10 Year Flood — 
4000 B/A Recovery 


4000 B/A @ $4.25 x 300 Acres 
ration 


Cost of 

Depreciction @ $.50/B x 4000 x 300 

argery @ $.20/B x 4000 x 300 
Cost of Engineering 

Cost of Carbon Dioxide: $1850 x 300 


$5,100,000 


100 tons/A produced @ $14/ton — $1400 


150 tons/A recycled 


256 


Cost of Injected Water @ $1.25/100-B 


Net Returns (before taxes, royalties, ete.) 


@ $ 3/ton— 450 


274,000 
1,929,000 
$3,171,000 


{3) Another cost study assumes a field in the Mid-West in which a water flood 
has been started and production hes about reached its peak. The water flood 


area has the following characteristics: 


Residual Oil ofter Water Flood 
(Le Test) 


boratory 
Residual Oil after Water Flood (Actual in Field) 


Residual Oil aes a Process 


{Laboratory Test 
Residual Oil pair after Field Applicetion of 
Orco Process 


Temperoture of Oil Sand 
Crude Oil 35 A.P.1. —— Mixed Base 


Carbon Dioxide Solubility ct 85° and 900 p.s.i. about 


2200 Acres 
2000 Feet 
20-Acre, 5-Spot 
35 Feet 


18% 
35% 


8% 


16% 
85° F. 


200 volumes of carbon 
dioxide/vol. of oil 
(1120 cw. ft. carbon 
dioxide per barrel 
of oil) 
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To produce the necessary amount 
of carbon dioxide for this 20-acre 
5-spot will require a carbon dioxide 
plant of, say, 25 tons daily capacity. 
From the attached curve of “Cost 
of CO,” - (Curve V) - it can be 
seen that this plant would cost 
about $176,000. The cost of produ- 
ecing carbon dioxide with this plant 
would be $13.38 per ton, as gas, at 
1000 p. s. i. including full amortiza- 
tion of the cost of the plant during 
the life of the flood. 


Since his cost study is based on 
applying’ the Orco Process con- 
urrently with a water flood already 
under way and all operating costs, 
overhead, depreciation, cost of wa- 
ter, etc., is already being borne by 
the current water flood, the costs 
shown below are only those costs 
incident to the use of the Orco Pro- 
cess and the oil production figures 
apply only to the incremental oil 
recovered through the use of the 
Orco Process. Based on this, the ex- 
pense consists of the cost of the car- 


Curve IV } 
Initial Orco Process Flood On Per Acre Bet weary Recavery 





in conjunction with secondary re- 


Cost Study No. 3 


Secondary Recovery by Orco Process 


. 35 Foot Sand, 35 Percent Residual Oil, 2200 Acre Flood — 10,000 B/A 
Additional Oil Recovered by Orco Process 


covery and others being for tertiary 
recovery. | 
Oil Recovery corporation intends 


10,000 B/A @ $2.50 x 2200 Acres $55,000,000 to be conservative so as to be sure 
— post oe aig Liki erage that the Orco Process is applied only 
Cost of Carbon Dionider $2860 2 22007 $6,292,000 to such reservoir conditions as are 
160 tons/A produced @ $13.38/ton — economically suitable. Comprehen- 
$2140.80 sive engineering assistance will be 
240 tons/A recycled @ $ 3.00/ton — provided so that the process will be 
ota 2 most efficiently used. The Producer 
400 $2860.80 compensates Oil Recovery corpora- 
Other Additional Costs: tion for the right to use the process 
Say, $1000/A treated x 2200 2,200,000 and for engineering assistance by 
8,492,000 a share of'the additional oil gained 
—— from the use of the Orco Process. 
Net Returns from Orco Process $46,508,000 


(before toxes, royalties, etc.) 


Further ‘development work is ex- 





- pected to expand the scope of uses. 


Curve V | 
Cost of CO- Manutoctnind at Oil rie Using Notural Gas or Oil As 


bon dioxide, the cost of recycling 
the gas and some extra supervisory 
and incidental costs. 


Fuel 






*Commercial Use of Orco Process 


h A larger scale application of the 
Orco Process, for tertiary recovery, 
is now under way in a Mid-Con- 
tinent field. Oil is being produced 
at a substantially increased rate. 
‘Oil Recovery corporation, and a 
number of producers who have in- 
vestigated the Orco Process, con- 
sider that it has been proved to be 
economically attractive for certain 
types of reservoirs. One commercial 
contract is in effect and the Orco 
Process treatment will shortly begin 
on this lease. Several other oil pro- 
ducers are also preparing for com- 
mercial scale usage, some of these 
being for the use of the Orco Process 


Geet Of Cte Ose at 1000 p.o.te 
worrenpesy 30 wss L150 204 Gets M00 30 180 


. 
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From existing experience, the Or- 
co Process may now be used, for 
secondary or tertiary recovery, on 
almost any area which has been 
proved satisfactory for normal wa- 
ter flood, when a pressure of more 
than 800 p. s. i. can safely be ap- 
plied to the oil sand. 

Conclusion 


In a recent paper presented at 


the World Petroleum Congress, 
General Thompson? speaking of 
secondary recovery said —. “The 
challenge to oil scientists is to find 
ways to get more oil out of the 
field we discover ... We get only 
20% to 30% of the oil in place in 
the fields that were operated under 
old-time open-flow methods. Thus 
there is twice as much oil waiting 


to be produced as has been produced 
in these fields . . . It is truly a prize 
worth working on.” 


Results which have been obtained 
warrant the statement that the Or- 
co Process can now contribute its 
part toward the attainment of this 
prize. 

(2) Lieut. Gen. Ernest O. Thomp- 
son, Texas Railroad Commission. 
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Fizz Water Fizzles 


FIZZ Vater FIZZICS — 
Penn Grade lab tests show no increased oil recove 


by 


carbonated water; wetting agents promising in tests 





Kenneth B. Barnes 


STATE COLLEGE, Pa.—Carbon a 
, oxide in water flooding doesn 
obtain additional oil recovery. 

That was the finding for certain 
specified laboratory tests reported at 
the fifteenth annual Conference on 
Secondary Recovery, held October 
24-26 at Penn State College. 

Earlier this year there has been 
much interest in the possibilities of 
“carbon dioxide” water flooding, since 
claims have been made that the final 
oi! or residual saturation left after 
such operations could be lowered to 
as low as 8 per cent—compared to 
. about 25 per cent for ordinary water 
flooding. 

Although the laboratory tests pre- 
sented were qualified as “only pre- 
liminary and further experimentation 
is' required before any positive con- 
clusions can be drawn regarding the 
effectiveness of carbon dioxide in 
water-flooding operations,” in the 
open discussion following this report, 
representatives of two different major 
oil companies reported that their re- 
search laboratories also had found no 
substantial oil-recovery additions by 
use of carbon dioxide. 

But gas injected prior to water 
flooding will increase recovery, 
another paper reported, detailing ex- 
tensive laboratory tests and recovery 
experiments. And, as to getting more 
oil out of secondary-recovery projects, 
the Penn State oil-recovery audience 
was told that recent tests with wet- 
ting agents in Bradford field had ob- 
tained additional oil. 

‘All told there were 13 papers pre- 
sented on various aspects of sec- 
ondary-recovery operations. 


“Carbon dioxide” tests—One well- 
known property of carbon dioxide is 
its excellent solubility in both crude 
oil and water, but the quantitative 
‘expansion of crude oil as CO, is dis- 
solved in it, was investigated as the 
‘first part of the work, presented un- 
der the title “Laboratory Experiments 
With Carbon Dioxide and Carbonated 
Water as Flooding Mediums.” The 
authors were J. Saxon, Jr. J. N. 
Breston, and R. M. Macfarlane, all 
with the production-research labora- 
tory of the Pennsylvania Grade Crude 
Oil Association, Bradford. 

‘On the ay eae phe- 


sureg up to 900 psig, increases in 
volume ss much as 44 per cent. In 
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the presence of brine the expansion 
in volume is slightly higher for any 
particular carbon dioxide-saturation 
pressure. When natural gas is dis- 
solved in the crude oi] a greater 
carbon dioxide-saturation pressure is 
required to effect the volume in- 
crease. 


Oil-recovery tests.—Here, the prelimi- 
nary experiments of the Penn Grade 
research laboratory on consolidated 
oil-sand cores showed no significant 
difference in residual-oil saturations, 
when flooded with both ordinary 
brine or carbonated brine. There was 
little or no additional oil recovery 
when a carbonated-brine flood fol- 
lowed the ordinary-brine flood, in 
spite of a 30 to 40 per cent expan- 
sion in volume of the oil in the cores. 

Also, priming of one core with car- 
bonated crude oil, after sufficient 
carbonated brine had been passed 
through to fully carbonate the core 
fluids, brought about only a slight 
reduction in residual-vil saturation 
upon further flooding with carbonat- 
ea brine. 

In “flood” tests using straight liq- 
uid carbon dioxide, this medium when 
passed through the cores caused an 
appreciable reduction in oil satura- 
tion by a solvent-extraction mech- 
anism. 


Little change shown —Analysis of 
the crude oil produced from the cores 
by liquid carbon dioxide showed little 
change in physical properties. The 
analysis of the produced gases indi- 
cated an absence of unsaturates. 

Table 1 lists the fluid saturations 
at the end of each oil recovery test 
operation for a Venango Core (Pa.) 
and also shows the inlet and outlet 
pressures. The core after the first 
oil saturation with 150 psig. bubble 
point crude was “naturally” produced 
until the pressure in the core was 
20 psig. The oil saturation after that 
operation was 51.1 per cent. 

The core was then brine flooded 
at low static pressure until the oil 
saturation was 39.8 per cent. The 
static pressure on the core was then 
raised to 760 psig. and a second brine 
flood carried out at that high static 
pressure. That flood reduced the oil 
saturation only a trifle down to 39.7 
per cent. 

Immediately thereafter a brine 
which was 100 per cent saturated 
with carbon dioxide at 750 psig. was 


throngh the asee .the of] saturation 
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‘cent, a reduction 


stood at 39.4 ‘per 
of only 0.3 per cent due to flooding 
with carbonated water. 


injected ~ 

oxide showed that enough carbon. 
dioxide stayed in the core to theo- 
retically expand the oil volume 36 
per cent. Therefore, because of this 
volume change due to solution of 
CO,, the laboratory analyzed the data 
on a basis of actual oil volume, ie. 
when expanded by carbon dioxide. 
(See columns titled “CO, Expanded 
Oil.” These figures represent the ac- 
tions when carbon dioxide 
was being used.) 

If the first carbonated brine flood 
is considered as an example, it is 
noted from Table 1 that the oil sat- 
uration after the first carbonated- 
brine flood measured at atmospheric 
pressure is 39.4 per cent. This value 
corrected for expansion caused by 
carbon dioxide is 53.6 per cent of 
the pore! volume. 

This oil saturation of 53.6 per cent 
is even higher than the oil saturation 
after the first natural-production 
operation. In spite of this the car- 
bonated brine flood was not able to 
reduce the oil saturation. 

Similar flooding experiments were 
made onia Rushford (Bradford, Pa.) 
core, * and the results are as sum- 
marized in Table 2 


Wetting- agents tests —It has been 
known for years that under iabora- 
tory conditions it was possible to 
increase water-flood oil recovery by 
using wetting agents in the flood 
water. However, their applicability to 
the oil fields has been doubted by 
numerous investigators because it 
was feared that the wetting agent 
would be lost by adsorption in the 
oil sand; and the process perhaps 
would be uneconomical. Recent ex- 
periments made through the Brad- 
ford laboratory of the Penn Grade 
Crude Oil Association show that wet- 
ting agents can be made to work in 
the oil fields and produce additional 
oil at a profit. The paper, by Dr. 
J. N. Breston, director of the labora- 
tory, and Willard Johnson, research 
assistant, described four experiments 
with wetting agents performed in the 
Bradford oil fields. 

In all four tests the wetting agent 
was introduced directly into the flood 
water injected into the water-input 
wells. Three of the four tests showed 
definite increases in oil production 
which can be attributed to the wet- 
ting agent. The fourth test has not 
been operating long enough to draw 
any conclusions. 


Profitebl—In two of three tests 

completed, the value of 
wea uadti cual oll cecscad wan ties 
the cost of the wetting agent used. 


a8 


| 
i 
' 
i 





Pl's Ex. 13 
J.-A. 282 


Skelly Receives eysanen Ambassador” Award 


William G. Skelly. 
left. president of 
Skelly Of] Co., Tulsa, 
receives the “Penn- 
syivanian Ambassa- 
dor” award from Dr. 
Paul Giddins. right. 
curator of the Drake 
Well park and mu- 
seum, who was the 
principal speaker at 
a testimonial dinner 
held in Oil City. Pa. 
Chester L. Suhr, Oil 
City, chairman of the 
board of Pennzoil 
Co. and toastmaster 
of the occasion, is 
shown in the center. 
Fred F. Murray. 
president. Oil Well 
Supply Co. Dallas. 
occupied a promi- 
nent place on the 
program. The guest 
of honor began his 
oil-industry career 
with Oilwell. The Oil 
City Chamber of Commerce nominat- 
ed Skelly. a former resident, for the 
award and sponsored the meeting at- 
tended by several hundred oil-indus- 
try and civic leaders from Oil City 
and western Pennsylvania. The am- 
bassador award is conferred by the 
state upon former distinguished sons 


The research group feel that wetting 
agents under certain conditions may 
be used profitably to increase oil re- 
covery, at least as far as the Brad- 
ford sand is concerned. Also, they 
intimated, since laboratory experi- 
ments indicate that wetting agents 
can recover oil from sands of other 
pools there is reason to believe that 
wetting agents will work in other 
oil fields just as well, or even better. 

The wetting agents did not notice- 
ably change the injection behavior 
of the water wells and only insig- 
nificantly small amounts of wetting 
agent were found in the oil wells up 
to 6 months after injection. No emul- 
sion trouble was encountered and 
there was no change in the physical 
properties of the produced crude oil. 
Further tests are in preparation for 
the Bradford (Pa.) and Wellsville 
(N. Y.) oil fields. 


Observations noted.—Also on water- 
flood’ wetting agents, in a paper 
titled “Review of Laboratory Ex- 
periments on Wetting Agents for Wa- 
ter Flooding.” J. C. Calhoun, Jr., 
C. D. Stahl, F. W. Preston, and R. F. 
Nielson made the following observa- 
tions, principally from reviewing 
Penn State College oil recovery ex- 


re 4 ~ 


of Pennsylvania in connection with 
the annual celebration of Pennsylva- 
nia Week. It consists of an aluminum 
plaque and a nand-lettered scroll 
bearing the siguature of the governor. 
the state secretary of commerce, pres- 
idents of the Pennsylvania Chamber 
of Commerce, and Oil City chamber. 


- 2. Not all wetting agents can be 
expected to lower oil residual. 

3. It is not clear how much of the 
wetting-agent action is due to wetting 
changes and how much due to inter- 
facial-tension lowering. It does ap- 
pear that the latter is always de- 
sirable, but its importance apparent- 
ly differs between water-wet and oil- 
wet systems. In oil-wet systems, to 
which a good portion of the reviewed 
data apply. the lowering of residual 


oil correlates’ etsy ven ‘wen, tow- 
ered interfacial ~ ténsi 

4. The importance of a is 
paramount to successful economic use 


“of wetting agents but it is not neces- 
_ sary to consider complete coverage 


of sand by an adsorbed agent. A 
principal economic feature is appar- 
ently ‘the large volumes of water 
required to carry on the operation 
rather than the large amounts of 
agent to be adsorbed. 

5. Adsorption data available on the 
‘wetting agents tested indicate that 
the movement of a flood front would 
be from about 2 to over 100 times 
as fast as the advance of the adsorbed 
wetting agent. 

6. Other chemical additives . in 
place of wetting agents may produce 
th: desired lowered interfacial ten- 
sion with much less adsorption. 

Gas ahead of flood—One of the 
important developments in the tech- 
nique of secondary-oil recovery by 
water flooding in the ) 10 years 
has been the injection of a limited 
amount of gas just prior to flooding 
with water. Increased oil recovery 
and other benefits are obtained by 
such an operation which is tending to 
become somewhat of a standard prac- 
tice in the Bradford-Allegheny oil 
fields. 

In the paper “Effect on Recovery 
of the Solubility of a Gas Injected 
Prior to Water Flooding,” R. M. Mac- 
farlane and Joseph Saxon, Jr., of the 
Penn Grade laboratory described some 
recent experiments which show that 
the maximum benefit of additional 
oil recovery by gas injection ahead 
of water flooding can be obtained 
if the gas does not dissolve in the oil. 
They showed that when more free 
gas stayed in the oil sand the less 
would be the residual oil, and the 
greater would be the recovered oil. 
In effect, the free gas is substituted 
for the residual oil which normally 
stays in the oil sand after flooding 
is completed. 


TABLE 1—SUMMARY OF OIL RECOVERY DATA. VENANGO iPA.) CORE 
(Paper by Saxon, Breston, Macfarlane) 


Outlet Pressure 


Operation — 
First brine saturation 
Depressuring 
First of] saturation 
First natura} aaa 
First brine flood 
Second brine Mood . 
First carbonated brine food 


GHSEGESES 


Core saturations at end of opera- 
tion, per cent of pore volume Pore 
—_-—_—_—_—_——- -—~ volumes 


*Oll saturations not corrected for expansion by CO,. 


FOERRO a aaa 





= 


Outlet Pressure 
. Operation— - (peig.) (peig.) 
First of] saturation ........... 150 80 
First brine flood ............. 188 35 
Second oi! saturation .......... 150 r 
Natural production ............. 20 a 
Second brine flood ............ 20 3x 
Third brine flood ............ 700C~C*~*é«‘C: 
First carbonated brine ........ 760 6 
First CO, gas drive ............ 700 10 
DATO”. oo Sa ree ier 49 
Depressuring WR Bonn Wires Macazoisianaieia en Sig 





Core saturations at end of opera- 
tion, per cent of pore volume Pore 
volumes 
Normal Co, ex-, of pro- 
panded duced 
Ou Brine as oil fluid 
8.4 0.0 11.6 112 
39 488 145 0.4 
668 23.6 9.6 0.4 
43.7 23.1 %2 _ _ 
379 64.4 2.9 oo 23 
37.8 63.1 0.0 sav 14 
°37.9 - — 49.4 5.7 
°37.6 52.6 56.0 
m8 os 13 
' 38.1 eRe 5 sis 


“O1l saturations not corrected for expansion by CO,,. 


The tests showed that nitrogen was 


gas, 
which is four-fifths nitrogen and 


WEST COAST 


which is plentiful. in the oil fields, 
would be a cheap source of nitrogen 
for gas injection ahead of flooding. 

(A complete digest section covering 
in further detail all papers presented 
at the fifteenth annual Conference on 
Secondary Oil Recovery held at Penn 
State College, will appear in an early 
issue.) 





Utilizing Log 
Better uses of electric-log information in determining 
water saturation of formations discussed by A.I.M.E. 


D. H. Stormont 
OS ANGELES.—A discussion of 
how field petroleum engineers 


| and’ geologists can better utilize the 


a 


information recorded on electric logs 
to determine the water saturation of 
formations in calculating oil reserves, 
in planning remedial operations, or in 
making a stratigraphic or structural 
analysis, was one of the highlights 
of the Pacific petroleum branch 
annual meeting of American Institute 
of Mining and Metallurgical Engineers 
held here last week. 


formation. 


.tween 20 and 50 per cent, 


Data 


particular 100-ft. thick sand, as re- 
vealed on the log of an exploratory 
well, had a water saturation of be- 
it would 
ordinarily be considered entirely eco- 
nomic to set casing if this were neces- 
Sary to test the sand adequately.” 

In summarizing the present status 
of the art of interpreting electric 
logs, from the viewpoint of evaluat- 
ing the fluid content of a formation, 
Walstrom said: 

“In development drilling, a quanti- 
tative determination of the water 
saturation of sands and sandstones 


r 
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may be made from the electric log. 
This requires, however, that the for- 
mation factor and the formation water 
resistivity are known. A knowledge 
of the clay content and its effect on 
the electrical behavior of the sand is 
also necessary. The determination of 
water saturation becomes unreliable 
in thinly’ interbedded sand-shale 
sections. Coring of the productive 
sand in selected wells is desirable in 
order to determine formation factor 
and clay characteristics. 


Caution needed. — “In exploratory 
drilling the electric log assists in 
singling out those formations that 
show evidence of containing oil or 
gas.. These’ formations can then 
evaluated ‘by the more diagnostic 
formation-testing methods. When ex- 
amining exploratory well logs, great 
caution should be exercised in order 
not to miss any possibly productive 
horizons ofa fractured nature. Under 
exploratory drilling conditions, the 
electric-log: interpretation often be- 
comes quite qualitative in nature, 
but is still of considerable value in 
the over- - all formation - evaluation 
program. 

“It appears that further research in 
the field of petrophysics and further 
development of electric logging sys- 
tems will jincrease the accuracy of 
the quantitative methods. It is proba- 
ble that improved logging methods 
will make: possible a more accurate 
determination of formation factor 
from invaded zone measurements. 
Further research may provide a more 
precise method of determining forma- 
tion interstitial water resistivity 
from the potential curve. It is im- 
portant that results of research be 
adequately; and thoroughly tested in 
the field before placing too much 
confidence in them.” 


Vv. vs. oil recovery.—Their lab- 
oratory studies on the effect of viscos- 
ity in water flooding were reported 
gn: by Martin Felsenthal of Conti- 
nental Oil' Co., Ponca City, Okla.; 

and S. T.' Yuster of University of 
California at Los Angeles. In their 
work a comparison was made between 
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CO: Flood Recommended 


Results of research work justify field trial of novel 
secondary -recovery method, Penn State conference told 


Kenneth B. Barnes 


S* ATE COLLEGE, Pa.—The use of 

a carbon dioxide solution in water- 
flood operations will yield a higher re- 
covery of oil than plain water, it is in- 
dicated by extensive laboratory tests 
on cores conducted by the Pennsylvania 
Grade Crude Oil Association. 

The favorable results of a year's test 
program of CO» in water flood was 
disclosed at the Sixteenth Technical 
Conference on Petroleum Production 
of Pennsylvania State College here Oc- 
tober 22-24. 

The research was conducted by the 
Penn Grade association’s laboratory at 
Bradford, Pa., and the results were de- 
scribed in three papers presented by 
members of the research staff: Dr. 
J. N. Breston, director, and R. M. Mc- 
fariane, W. E. Johnson, and D. C. 
Neil. Summarizing the results, Breston 
said: 

“Although there are still several 
things we do not know about its mech- 
anism, we believe we have learned that 
it works. We have determined to our 
satisfaction that carbon dioxide will re- 
cover additional oil from core sam- 
ples when used in, the flood water of 
either or tertiary recovery 
operations. We have also determined 
that it works better than any other 
water-flood or gas-drive recovery meth 
od tested in our laboratory.” 

These new and favorable COz tests 
are in direct contrast with those re- 
ported by the same laboratory at the 
same Penn State gathering a year ago. 
Then, prehiminary test data on only one 
long core test each of Bradford and 
Venango sands indicated that carbon- 
ated water had no advantage in recov- 
ering oil (The Oil and Gas Journal, 
November 1, 1951, page 29). 


Field trial recommended . . . The more 
recent laboratory work was much more 
extensive and reversed the indications of 


sulted in a reduction in oi 
 4ee During 2 carbonated water. flood 


47.4 per cent for groups of core sam- 
ples from any particular well. 

“If the sand has not been water 
flooded thoroughly the recovery might 
be a little higher, or about 34 per cent. 
Of course, these figures are all based 
on the assumption that full carbona- 
tion of the reservoir fluids wilt be at- 
tained, that is, at least 720 psig. car- 
bonation pressure. 

“Data from these experiments indi- 
cate that except for some additional in- 
vestigations into the use of adjuvants, 
the process is ready for a controlled 
field experiment. This should not be 
just another trial, but a real test in an 
area which, on a basis of controlled 
flood-pot tests, shows some reasonable 
prospects of enough oil recovery to be 
considered practical.” 


Test results . . . Some of the results of 
the carbon dioxide flood tests described 
in the three papers; were: 

--. When fresh’ field core samples, 
resuturated samples, and a long core of 
oil sand were flooded with carbonated 
water after depletion by brine floods, 
all produced an appreciable amount of 
additional oil. 

--- Ia’ flooding) core samples with 
carbonated water, a higher percentage 
of carbonation resulted in greater oil 
recovery. 

«++ The oil produced from the core 
samples by carbonated water flooding 
wa. always expanded, duc to the dis- 
solved carbon dioxide. J 

-++ Actual off production was usual- 
ly greater than that which can be ex- 
plained on a basis of oil volume ex- 
pansion. 

... Resaturated samples responded 
to carbonated water flooding as well 
as or better than the samples did. when 
they Contained their original reservoir 
fluids. 

ain % of fresh core samples 
with liquid carbon dioxide resulted in 
a considerable reduction in oil satura- 
tion. Recovery could be obtained with 
liquid carbon dioxide even after the 
samples had been flooded previously 
with carbonated water. 

oe. Flooding a long core (Venango 
sand) with carbonated water — de- 
pletion by fresh water flooding. Tee. 
oi saturation: 


flooding is adversely affected by age. of 
the samples even though they have been 
kept ‘in containers which seemed air 
tight. 

--- it appears that previous flooding 
with brine in the laboratory does not 
noticeably affect a core sample's sus- 
ceptibility to carbonated water flooding. 

--» For both fresh and resaturated 
cores, oil recovery by carbonated water 
flooding apparently is related to initial 
oil saturativa. 

-++ The obvious advantage in using 
carbonated fresh water is that it holds 
more carbon dioxide in solution than 
brine (5.5 per cent vs. 4.24 per cent 
at 720 psig. and 75° F.) This makes 
the ultimate oil recovery possible with 
fewer pore volumes of flooding me- 
dium. 

«++ The number of pore volumes of 
carbonated water necessary to achieve 
ultimate recovery from the fresh radial 
‘core samples varied from 60 to 550 
with an arithmetic average of 173 pore 
volumes; half of the sam required 
125 pore volumes or less for ultimate 
recovery. : 

The resaturated cores required an 
average of 82 pore volumes of carbon- 
ated water for ultimate recovery. 


on the long core, only 7 por comt-of 2 
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99 Laboratory Experiments With Carbonated Water “And Liquid 
Carbon Dioxide As Oil Recovery Agents 


Part I. "Changes in Physical Properties of Bradford Crude Oil 
When Contacted With Carbon Dioxide and Carbonated Water" 
by W. E. Johnson, * R. M. Macfarlane, * and J. N. Bres- 
ton* | 

Part Il. "Oil Recovery From Cores When Flooded With Carbonated 
Water and Liquid Carbon Dioxide" by R. M. Macfarlane, * 
J. N. Breston, * and D. C. Neil* 2 

Part I. "The Effect of a Number of Variables on bu Recovery From 
Cores When Flooded With Carbonated Water and Liquid 
Carbon Dioxide'"' by J. N. Breston* and R. M. Macfarlane* 

Abstract 

This paper reports on a laboratory ee into the use of 
carbonated water and liquid carbon dioxide as possible oil recovery 
agents. It is divided into three parts, the first covering measurements 
of the changes in physical properties of a crude when contacted with car- 
bon dioxide, the second outlines the procedures and results of various 
core flooding experiments using carbonated water and liquid carbon 
dioxide, and the third part discusses a number of variables and their 

relationship to oil recovery by carbonated water and liquid carkon di- 

oxide flooding. | 

Part I. It is shown how contacting Bradford crude with carbon 
dioxide at high pressures causes considerable change in its physical 
properties. Among these are volume, gravity, viscosity and inter- 
facial tension. These changes can be brought about not only by contact- 
ing the crude with gaseous carbon dioxide but also with carbonated 
water. The degree af these changes varies with temperature, pressure 

*Pennsylvania Grade Crude Oil Ass'n., Bradford, Pennsylvania 
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and crude composition. It is indicated how each of these changes can 
favorably effect oil recovery by carbonated water flooding. 

It is also shown how Bradford crude has a limited solubility in 
liquid carbon dioxide, and if liquid carbon dioxide is used as a flooding 
‘medium, it can be expected to leave undissolved some of the heavier 

portion of the crude. 
| Part Il. Flooding tests on radial core samples and a long core 
show that a considerable increase in oil recovery can be effected by 
using carbonated flood water. Such recovery was obtained from fresh 
as well as resaturated samples of Bradford and Richburg oil sand. 
Additional recovery was obtained even after the samples were previ- 
ously flooded-out with brine or fresh water. A resaturated long core 
of Venango sand which has been flooded-out with water also produced 
additional oil when flooded with carbonated water. 

The additional recovery is shown to be related to the degree of 
carbonation of the flood water. However, the recovery in most in- 
stances was greater than that which could be expected on a basis of oil 
volume expansion alone. 

After carbonated water flooding, a combined evolved gas drive 
and carbonated water flood in some cases produced a significant amount 
of additional oil, but only from those samples which still contained high 
oil saturation. 

Flooding of fresh core samples with liquid carbon dioxide re- 
sulted in a considerable reduction in oil saturation. Such recovery 
could be obtained with liquid carbon dioxide even after the samples had 
been previously flooded with carbonated water. 

Part III. Here are discussed a number of variables and their re- 


lationship to oil recovery by carbonated water and liquid carbon dioxide. 


Among the variables are type of sand, properties and saturations of 
sand, previous flood history, pressure gradients, brine or fresh water, 
degree of carbonation, pore volumes required, rate of recovery, temp- 
erature, and combined gas and water drive. Also discussed are the 
effect of using liquid carbon dioxide as a flooding medium and the 


properties of the crude produced by carbonated water and liquid 
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carbon dioxide. : 

A number of reasons are offered to explain why the increased re- 
covery by carbonated water flooding of radial core samples was greater 
than that which could be expected on a basis of oil volume expansion 
alone. These include change in viscosity, change in interfacial ten- 
sion, increased oil saturation, possible chemical reaction, and liquid 
carbon dioxide phase formation. , 

Also discussed are some practical aspects of this proposed oil 
recovery method including the possibility of recovery, the amount of 
recovery, pore volumes of flooding medium and pressure gradient. 

Except for some further laboratory research into the effect of 
adjuvants such as wetting agents, gases and light hydrocarbon liquids, 
the authors suggest that the process is ready for a controlled field 
experiment. ; 

Introduction | 

The experiments reported on in this paper were performed to in- 
vestigate the effect on oil recovery when flooding core samples in the 
laboratory with carbonated water and carbon dioxide. They are a con- 
tinuation of the preliminary ones reported on last year by Saxon et al (1). 

It has been reported by Martin (2, 3) that carbon dioxide with or 


without an adjuvant when dissolved in flood water improved oil recovery 


in both Iaboratory and field tests. He attributed the additional oil recovery 


to: (1) volume expansionof the crude, (2) reaction of the carbon dioxide 
with the crude oil forming polar compounds, (3) carbon dioxide, being 
soluble in both crude and oil and water, penetrating to the surface of 
the sand and freeing the oil, (4) limiting the absorption by the sand of 
adjuvants such as wetting agents thereby increasing their effectiveness, 
(5) formation of complexes with crude oil under high pressure, (6) pro- 
moting the solubility of natural gas in crude oil, (7) decrease in pH and 
killing of bacteria, (8) solution of pore clogging salts like calcium car- 
bonate, and (9) increased permeability by shrinking clays. 

This paper only reports one laboratory's investigation of this pro- 
posed method for increasing production from oil reservoirs. Being 

| 
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chiefly concerned with secondary and tertiary oil recovery research, the 
Bradford Laboratory of the Pennsylvania Grade Crude Oil Association 
undertook this investigation for purely informative reasons. 

The paper is divided into three parts. Part I describes the effect 
of carbon dioxide on some physical properties of Bradford crude, and, by 
implication, suggests a mechanism by which oil recovery may be increased. 
Part II describes the procedure and results obtained when flooding radial 
core samples and long cores with carbonated water and/or liquid carbon 
dioxide. Results are given for floods on both fresh and resaturated core 
samples. The recoveries obtained with carbonated water and/or liquid 
carbon dioxide are compared with those obtained by ordinary water 
flooding. Part III discusses a number of variables and their relation to 
oil recovery by carbonated water and/or liquid carbon dioxide flooding. 
The variables include the properties of the core samples and the flooding 
procedures. Various practical aspects are discussed briefly along with 
future possibilities. 

aK * * K * 

indicated the preferential solvent action of the liquid carbon diox- 

ide for lower molecular weight hydrocarbons. 
21. Possible Practical Aspects 

3 In the course of investigating any new method proposed for the 
recovery of oil, one is soon besieged with questions about the practical 
or economic aspects of the idea. It must be made clear at this point 
that our present investigations were aimed only at determining whether 
it would work in the laboratory, and if it did, by what mechanism and to 
what degree. 

Although there are still several things we do not know about its 
mechanism, we believe we have learned that it works. We have deter- 
mined to our satisfaction that carbon dioxide will recover additional oil 
from core samples when used in the flood water of either secondary or 
tertiary recovery operations. We have also determined that it worked . 
better than any other water flood or gas drive recovery method tested in 


our laboratory. 
Now the question is asked, "Do you think it will work in the field?" 








I EE OO 
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We do not think it is necessary to extrapolate our laboratory findings 
beyond reason to answer these questions. Data have been presented 
which can be interpreted to indicate that the carbonated water flooding 
method should work in the field. We have fairly well established the 
fact that oil sands such as the Bradford Third and the Richburg are re- 
ceptive to carbonated water without any significant diminution in their 
permeability. We have shown that a long core as well as radial cores 
will respond to carbonated water flooding and produce oil which could 
not otherwise be recovered. Of course the geometry in the field is 
somewhat different but we believe it should not be a deterent factor. If 
enough carbon dioxide is used in a field operation and if a back pressure 
or resevoir pressure high enough can be maintained there is every rea- 
son to believe it will work. : 

Similarly, sufficient data have been presented to indicate that 
liquid carbon dioxide flooding should be able to recover oil in the field. 
As in the case with carbonated water, if enough carbon dioxide is used 
and if the liquid state can be maintained through the resevoir by keeping 
the pressure up, considerable recovery should be expected. When 
completely flooded, the average residual oil saturation may be as low 
as 7to 9%. Theoretically, it is possible by liquid carbon dioxide 
flooding to extract up to 80% of the crude in place (Bradford crude). 
This would be more probable in a neatly layered sand of fair permea- 
bility. When flooding with liquid carbon dioxide the pressure gradients 
necessary would be lower because of the lower viscosity. This would 
make it more applicable in the case of tighter sands. : It should also be 





pointed out that liquid carbon dioxide has a preference for lighter 
, 4 hydrocarbons, and when flooding with it there would be a tendency to 
leave the heavier fraction of the crude behind. In the case of Bradford 

crude this would be the more valuable portion. | 

The next question, ''How well do you think it will work ?", isa 
little more difficult to answer by extrapolation of laboration findings. 
However, the data on fresh core samples show that on an average of 
31. 7% of the oil in place after thorough water flooding can be recov- 
ered by carbonated water flooding. The extremes were as low as 
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19. 5% and as high as 47.4% for groups of samples from any particular 
well. If the sand has not been water flooded thoroughly the recovery 
might be a little higher or about 34%. If it can be assumed that a 
combination gas drive and water flood can be made to operate, such as 
by reducing the pressure in the resevoir after complete carbonation 
and flooding, then the recovery will be increased by 4. 1% to an average 
of 35. 8% of the oil in place. Of course these figures are all based on 
the assumption that full carbonation of the reservoir fluids will be 
attained, that is, at least 720 psig carbonation pressure. If the car- 
bonation is less than this, the recovery will be proportionately less as 
is illustrated in Figure 34. To obtain high carbonation would mean 
keeping a back pressure on the producing wells and producing by flow- 
ing. Such a method of production has been shown to be possible. 

Experience has shown that most cores of Bradford or Richburg 
sands which flood in the laboratory will also flood in the field. In 
fact there have been many which flooded poorly in the laboratory but 
which flooded successfully in the field. With this know ledge it can be 
inferred that carbonated water flooding should do as well in the field 
as is indicated above, and perhaps even better. 

A discussion of the practical aspects of the results of a labora- 
tory investigation would be incomplete without a word about economics. 
However, since profit making involves certain variables the values for 
which cannot be obtained from data such as these, we would not be 
justified in making a guess about it. Nevertheless, these laboratory 
results have given some indication of the amount of recovery possible 
by this new method. Hence, if it can be shown by reasonable esti- 
mates that the value of the recovery possible will more than balance 
the investment necessary to obtain this recovery, then the method 
may be tentatively considered a profitable proposition. 

Our data have pointed out a few things which if taken incorrectly 

119 may make the process look hopelessly impossible. One of them is the 
large number of pore volumes of carbonated water required to obtain 
ultimate recovery from core samples. As was pointed out earlier, the 
number of pore volumes used to flood out a radial core in the laboratory 


284-7 Exhibit No. 15 
seldom comes anywhere near the number required to flood that sand 
in the field. Usually, several hundred pore volumes are required to 
do the job that only a few will do in the field. With this fact in mind we 
would caution against condemning the process on this basis. 

Another factor which must be taken only qualitatively are the 
pressure gradients used in the laboratory floods. They definitely were 
higher than anything encountered in the field, except perhaps at the 
injection well. But, like the number of pore volumes of flooding medi- 
um, much higher pressure gradients are necessary in radial core 
flood pots to flood cores down to residuals that are obtained in the 
field with very much lower pressure gradients. We believe that if 
the handicaps of geometry and ‘end effects’ can be eliminated, labor- 
atory core floods should not require any greater pressure gradients 
or numbers of pore volumes of flooding medium than are common in 
the field. Since this is virtually impossible, the pressure gradient 
and pore volume factors can be dtermined only by well controlled 
research experiments not field trials. 


22. Other Possibilities 
Our research experiments have touched only lightly on the effect 


of such things as wetting agents, gases, and light hydrocarbon liquids in 
connection with the use of carbon dioxide and carbonated water. It is 
possible that any or all of these may exert some favorable influence on 
carbonated water flood recovery. Further research along such lines 

is certainly warranted. 

It is also possible that further research will show that other 
reservoirs or oil formations may respond even better to liquid carbon 
dioxide or carbonated water flooding than the ones described in this 
paper. Other crudes may show greater volume increases and viscosity 
reductions by solution of carbon dioxide than those exhibited by Brad- 
ford crude. If any chemical reaction is responsible for some of the 
extra recovery, then it is possible that other reservoir formations and 
their fluids may exhibit more of this than may have occurred in the 
sands used in this investigation. Only further tests will provide this 


information. 





Exhibit No. 15 284-8 
GENERAL CONCLUSIONS 

Sufficient data have been accumulated to show that contacting Brad- 
ford crude with carbon dioxide and carbonated water will change some 
of its physical properties such as to make it more recoverable from 
Bradford and Richburg oil sands. 

Flooding tests on fresh and resaturated core samples have con- 
firmed the fact that by carbonating the flood water a considerable 
amount of oil could be recovered that would otherwise be unrecoverable 
with ordinary brine or fresh water flooding. Flooding with liquid car- 
bon dioxide will also recover additional oil, even to a greater extent 
than with carbonated water. However, the action in this case is a 
combination solvent action and flood which produces a crude containing 
more light ends. The crude produced by carbonated water flooding is 
the same as that produced by ordinary water floods. 

The effect of a number of variables on recovery have been indi- 
cated together with some practical implications. From these it can be 
inferred that liquid carbon dioxide and carbonated water flooding should 
work in the field as well as in the laboratory provided the same condi- 
tions are met. 

No conclusions can be drawn at this satge with respect to possi- 
ble profitable operation of the process in the field. 

At best, the data from these experiments indicate that except for 
some additional investigations into the use of adjuvants, the process is 
ready for a controlled field experiment. This should not be just another 
trial, but a real test in an area which, ona basis of controlled flood-pot 
tests, shows some reasonable prospects of enough oil recovery to be 


considered practical. 
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Effect of Dissolved Gas upon the Viscosity and Surface 
Tension of Crude Oil 


By C.F. Beecurr® ano J. P. Parkuunst,* Bart esvitie, Oxta. 


In the course of the experimental and development work of Henry 
L. Doherty in an endeavor to obtain an increased yield of oil from oil- 
bearing sands, it was Mr. Doherty's claim and contention that oil 
in an undisturbed pool was different in character and behavior than the 
same oil when raised to the surface of the earth, and that the gas dissolved 
in the oil caused a marked reduction in its viscosity and surface'tension. 
Prior to 1924 no information to support this contention could be found 
in the literature or by a discussion of the subject with technical men in 
Government and private laboratories. So far as could be ascertained no 
experimental work had been carried on to indicate that Mr. Doherty's 
claim was either right or wrong. All parties consulted agreed that 
the viscosity of the oil would be affected by gas dissolved therein to the 
extent that natural gasoline was present in the gas, but so far as could be 
determined any additional effect of the natural gas was unknown. 

Accordingly, it was necessary to devise equipment and carry on 
experiments which would either prove or disprove Mr. Doherty’s conten- 
tion or claim. Such apparatus was built under Mr. Doherty’s direction 
and experiments were carried on to determine definitely the viscosity and 
the surface tension of the crude oils which contain dissolved gases under 
different pressures. The results of the experimental work carried on have 
proved that the claim and contention of Mr. Doherty were correct in 
every particular, as will be seen from the discussion of the mubject and 
the data contained in this paper. : 


Repvuction or Viscosity BY Dissotvep Gas 


At a pressure of 500 Ib., and a temperature of 70° F., it was found that 
a natural gas such as is ansociated with the oil would rediece the viscosity 





p about 50 per cent. when a given crude oil was saturated with the gas. 
L 4 Inereasing the pressure another 500 Ib. could not be expected to reduce 
. the viscosity the remaining 50 per cent. However, some reduction in . 


viscosity would take place as indicated by the curves showing the relation 
between pressure and relative viscosity. Pressures of 1800 Ib. may exist , 
See ees 1D) yeah at reeeek & Saree ates oe 


" *Rredection engineers, Empire Gas & Foii Co 
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produced from much greater depths. Under such pressures sufficient gas 
might dissolve in the oil to make the viscosity almost equal to that 
of kerosene. 

Viscosity is the most important physical quality of oil which retards 
its flow through a pipe line or through the small irregular openings of 
the average oil sand; therefore, if some method of producing oil can be 
devised such that a major portion of the gus will remain in solution and 
the oil retain its fluidity it is possible that the volume of oil recovered 
from the sands can be greatly increased. 


Repuction or Surrack TENSION 


The surface tension of crude oil is reduced by dissolved gas. “The 
results of experiments with two different crude oils saturated with gas 
at pressures from 400 to 500 Ib. indicate a reduction of al 
20 per cent. in the surface tension of the oils. 

Many of the small openings in an oil sand are of capillary size and hold 
a large percentage of the oil which ix not recovered by present production 
methods. As the dissolved gas escapes from the oil the surface tension 
increases and likewise the capillary force which holds the oil within the 
sand. We are not prepared to say that surface tension ix the only factor 
that holds the 80 per cent. of the original oil in the sands. If, however. 
surface tension should be the only force and if by keeping the gas in solu- 
tion the surface tension could be reduced by 20 per cent. then we might 
expect an 80 per cent. greater ultimate recovery from the sands. 

A great volume of oil must flow through the sands at a rapid rate and 
for some distance to account for the large production of some wells. ‘The 
expulmive force of natural gas dissolved in and associated with the oil. 
the rock pressure, the reduction in viscosity due to increased earth 
temperatures and other factors do not alone offer an explanation of the 
large gusher wells. It is believed that the flow of oil through the sands in 
such large volumes is only possible because of the reduced viscosity and 
surface tension of the oil resulting from the gas in solution. 

It is the purpose of this paper to give some of the results obtained f rom 
the experimental work on the solubility of gas in oil under pressure and 
the changes in the viscosity and surface tension of the oil. The authors 
wish to acknowledge the many helpful suggestions offered by A. W. 

‘Ambrose and Robert G. Griswold. 


Merzop AND APPARATUS FoR DetTeRMINING SOLUBILITY OF Gasis IN 
O1Ls 


The apparatus used for determining the amount of gas dissolved in | 
oil under pressure is shown in Fig. 1. It consisted essentially of a large 
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chambes -A, and small aceiie: R, connected at i end as chow n. The 
total vaid space in the apparatus was 45 cu. in. Chamber B had a 
capacity of 14 cu. in. when the valves at. each end were “closed. The 
method lof operation was as follows: 7 


Approximately 20 eu. in. of otf was placed in the Appreratis and the Gis pressure 
applic. The whole apparatus was then agitated to insure intimate contact between 
the oil and gas. As the gavahsorbed, the preaure dropped until the oil was come 
pletely saturated. When thia point was reached, ‘the entire apparatus was placed in a 
constant temperature bath for sufficient time to inxure uniform te mperature. During 
‘this peried, it was agitated several times to further insure complete xaturation. 
Chamber B was then completely filled with the gax-caturated oil and atte r closing the 





Fic. 1.—APraratvs Por parrenaeuwttea SOLUpALITE OF Gas 1x on cxoes PRieny' Re. 


5 vulvesia§ euch cled, san discennseted Sens the halanae-0f thenpparaken: The gas 
was allowed. to escapo.siowly and was measured by the displacementof water. The 
total volume of gas revovered was the amount that dissolved in 14 cu. in. of off at the 
fmal pressure recorded before disconnecting chamber B.. A slight error is heve intro- 
duced for the volume of oil anturated with gas was a little greater than the volume of 
wneaturated oil. . | pr a alia ale alia 
volume of ol slightly less than 14cu. in. 


Sonveitity or Naturat Gas IN ChupE On | 


The amount of natural gas that: will dissolve in crude oil depends 
. upon both the character of the gas and the character of the oil, if other 
eomditions are constant. For example, a natural gas consisting mostly of 
‘methane is not as soluble as one in which some of the heavier hydro- 
‘earbons, such as ethane, are present. This is shown graphically by 
curves 1 and 2, Fig. 2. The same oil was used in each case but for curve 
1, showing the gas of greatest solubility, the gas contained only 52 per 
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produced from much greater depths. Under such pressures suflicient gas 
might dissolve in the oil to make the viscosity almost equal to that 
of kerosene. 

Viscosity is the most important physical quality of oil which retards 
its flow through a pipe line or through the small irregular openings of 
the average oil sand; therefore, if some method of producing oil can be 
devised such that a major portion of the gas will remain in solution and 
the oil retain its fluidity it is possible that the volume of oi] recovered 
from the sands can be greatly increased. 


Repuction or SurFact TENSION 


The surface tension of crude oil is reduced by dissolved gas. “The 
results of experiments with two different crude oils saturated with gas 
at pressures from 400 to 500 Ib. indicate a reduction of Recreate 
20 per cent. in the surface tenxion of the oils. 

Many of the smal! openings in an vil sand are of capillary size and hold 
a large percentage of the oi! which ix not recovered by present production 
methods. As the dissolved gas excapex from the oil the surface tension 
increases and likewise the capillary force which holds the oil within the 
sand. We are not prepared to say that surface tension ix the only factor 
that holds the 80 per cent. of the original oil in the sands. If, however, 
surface tension should be the only force and if by keeping the gas in solu- 
tion the surface tension could be reduced by 20 per cent. then we might 
expect an 80 per cent. greater ultimate recovery from the sans. 

A great volume of oi] must flow through the sands at a rapid rate sand 
for some distance to account for the large production of some wells. “The 
expulaive force of natural gas dissolved in and associated with the oil. 
the rock pressure, the reduction in viscosity due to increased earth 
temperatures and other factors dio not alone offer an explanation of the 
large gusher wells. It is believed that the flow of oil through the xands in 
such large volumes is only possible because of the reduced viscosity and 
surface tension of the oil resulting from the gas in solution. 

It is the purpose of this paper to give some of the results obtained f rom 
the experimental work on the solubility of gas in oil under pressure and 
the changes in the viscosity and surface tension of the oil. The authors 
with to acknowledge the many helpful suggestions offered by A. W. 

‘Ambrose and Robert G. Griswold. 


Merunop anp Apparatus ror Deterwininc SoLuBiLity oF CGasks IN 
OLS 


| The apparatus used for determining the amount of gas disolved in 
oil under pressure is shown in Fig. 1. It consisted cesentially of a large 
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chambe¢ A, and small chamber 8B, connected at oe end as ee The 
total vaid space in the apparatus was 45 cu. in. ¢ ‘hamber B had a 
capacity of 14 cu. in. when the valves at. each end were “closed. The 
method lof operation was as follows: 7 


Approximately 20 eu, in, of of was placed in the apparatus ‘and the Kix pressure 
applied. | The whole apparatus was then agitated to insure intimate contact between 
the oil and gas. Ax the gas absorbed, the preeure dropped until the oil wax come 
pletely saturated. When this point wax reached, ‘the entire apparatus was placed in a 
constant tempcrature bath for sufficient time to insure uniform temperature. During 
‘this peried, it was agitated several times to further insure complete saturation. 
Chamber B was then completely filled with the gu-saturated oil and afte rt chaning the 


Fia. L—APeAMATUe vom PEREMANAING SouZpLETY OF OU OEE PRieay' RE. 


. valves at cach etd, it was disconnected from the balance of the apparatus. The gas 
was allowed.to escapo.siowly and was measured by the displacementof water. The 
total volume of gas recovered wae the amount, that dissolved in 14 cu. in. of ofl at the 
fimal pressure recorded before dissonnecting chamber B. . A slight error is heve intro- 
duced for the volume of oil saturated with gas was a little greater than the volume of 


unsaturated oil. . Vantaa. 
volume of oil lightly leas than 14cu. in, 


Soetveruty or Naturat GAs IN ChupE on 


The amount of natural gas that will disndlve in erede oil depends 
, pon both the character of the gas and the character of the oil, if other 
eomditions are constant. For example, a natural gas consisting mostly of 
‘methane is not as soluble as one in which some of the heavier hydro- 
‘earbons, such as ‘ethane, are present. This is shown: graphically by 
‘eurves 1 and 2, Fig. 2. ee ee 
4L showing the gas of greatest solubility, the gas contained _ 52 
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| cent. methane, while in curve 2, the methane content of the gas way 
> e ; 


| ar erw of natural gas referred to in this paper were made by thg 
combustion of the gas in an atmosphere of oxygen. The results, there, * 


. represent the true amount of methane and cthane present 
“ar en whether the light or heavy hydrocarbons tend te 


predominate. 





ru 500 
Pressure, ib per sq.in. (Gage) 
Fie. 2.—So.vamiry oF VARIOUS GASES IN CRUDE OILS UNDER PRESSURE AT 70° FE. 


Curve 1. Natural gas No. 1 in Oklahoma crude oil.—35.4° A. P. I. 

Carve 2. Natural gas No. 2 in Oklahoma crude oi!.—35.4° A. P. 1. 

Curve 3. Natural No. 1 in Oklahoma crude oil.—30.2° A. P. L. 
Soxide in Oklahoma crude oil.—30.2° A. P. 1. 

Curve 5. Hydrogen in Oklahoma enide oil.—30.2° A. P. 1. 

Curve 6. Aur in Oklahoma crude oil.—30.2° A. P. 1. 

Curve 7. Natural gas No. 2 in Oklahoma crude oil.—- 302° A. P. 1. 

Carve 8 Natural gas No. 2 in Bradford crude oil.—14.3° A. P. 1. 


ANALYSES OF GASES 


SLES S OORUENE © OSES & BUSS e 6 CES. S 6 Ow ae So S'S BOOS & 2 ere 6 2 ele 8 mere 6m 


SSHGL CO F's 016A 86'S SC 6 OM 6 6 6 Bee. © Cee @ 8 OEKe © O18 es 6 OOS EC HOS) 6 6 


For any given gas, the volume that will be dissolved depends upon the “ 
character of the crude oil, if other conditions are constant. The lighter 
| gravity oils dissolve more gas than the heavier oils. This is illustrated by 
curves 1 and 3, Fig. 2. These curves show a difference in solubility 
of approximately 20 per cent. for the same gas in oils of 35.4 and 330).2° 
_A. P. I, respectively. As a further example, curves 7 and & show a 
difference of approximately 32 per cent. in the solubility of the same 
gas in two different oils. 
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oil should’ be at least twice as great as that obtained from the laboratory 

experiments with pressures around 500 Ib. per eq. in. Table 1 has been 

prepared to show the cubic feet of gas dissolved in a barrel of oil at pres- 

sures from 300 to 1000 Ib. per aq. in. | 

TaBux 1.—Cubic Fest of Gas Dissoleed ina Barre! of Oilat Different Pressures 
— | 7 Otishome Crude 30.2° A..P. I. Were 

COs Gas No.1 ares 














| 
PS | 
$00 87.0 | 6.5 | 12.3 | 11071 5a 
0 95.0 7.5 | 0.5 | 276 . 18  #£» 
1000 190.0 | 185.0 | 41.0 | 563 236 INU 
Mota. —Gen Fig. 2 ise emeiyess of guys. | 





A] | | | 
‘ ; 7 we wr Ox): Pos) mW A 
Pressure, Ib per eq, in. (Gage) | 
Fia. 4.—So.usiuirr OF NATURAL GAS IN AN OKLAHOMA CRUDE ot (36.6° A. PLT) 


a] 


AND IN ITS REFINED PRODUCTS AT 76° F. 


ANALYSIS OF GAR 
Carve 1. Crude oil. Pee Cest. 
Curve 3. Gasoline. a CT Ea MeN S2.5 
Curve 3. Kerosene. Re AEs vation 5 ween si idehes Si ondlcbecen 46 55 
Curve 4. Gas oil. aa laadcd aatana. 4 asa’? tains inn ks 5.9 
Curve &. Fuel oil. Witiceimigsik-s sia'e'x gicpd aaaimnalaeny ea 3 
Curve 6. Composite curve. Residuc.................-.- 58 


Evrct or Tempxrature on Sovupiuity or Gas in Oi. 


Other conditions remaining constant, the quantity of gas that will 
dissolve in oil depends upon the temperature. The relation between 


decreases, but even at the higher temperatures, large quantities of ga= 





 AVAILABLELS 


Pl’s Ex. 16 
J.A. 290 


€. E. BEECHER AND I. P. PARKHURST 55: 


Souusilitr or Orner Gases IN CrupeE O11s 


A few experiments were conducted to determine the solubility of 
goees such as carbon dioxde, hydrogen and air in crude oils: Carbon 
| dioxide. was found to be.more soluble than natural gas, while hydrogen 
‘aad sir are only slightly soluble, the hydrogen being less soluble than the - 
gic. Curves 4, 5, 6 and Zin Fig. 2, show the relation between the pres- 

and the: volume of gas dissolved in the kame crude oil for ‘carbon 
‘diexide, hydrogen, air and a dry natural gas, respectively. 
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Pressure, Ib per sq.in.(Gage) 

Poa. 3.—Soivaiity or ‘ATV RAL GAS IN A CRUDE OIL AT DIFFERENT TE MPERATURES. 


. For this particular oil the gas was found to be approximately four 
tines as soluble as air, but only one-third as soluble as carbon dioxide. 
_ A mnmilar ratio will probably apply to other crude oils. 
_ Binee the experiments referred to in this paper were completed, Dow! 
and Calkin have conducted a scries of experiments to determine the solu- 
bility of a practically pure methane gas and of gir in various crude and 
"refined oils. The results of their work sustain those given in this paper. 


Y 600 


Rocx Pressvre aNp VoLtUME or Dissotvep Gas | 
. Roek pressures of 1000 Ib. per sq. in. or greater, are not uncommon in 
_- any oil fields, and at such pressures, the volume of gas dissolved in the 


_ 3D. B. Dow and L. P, Calkin: Solubility and Effcets of Natural Gas and Air in 
-° Coade Oil. Rpt. of Investigations, Bur. Mines, Ser. No. 2732 (Feb., 1926). 
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will dissolve in the oil. For example, at a pressure of 100 Ib. and a tem- 
perature of 90° F., approximately 75 cu. ft. of gas was dissolved i in a barrel 
of oil, whereas at a temperature of 110° F., 7) cu. ft. of gas v was dissolved 
in the same oil. | 

Sonvaiiity oF Gas in © rupE Ow akp Its € ‘OMPONENTS 


Natural gas was dissolved i in a crude oil and the various major prod- 
ucts obtained from this oil, including gasoline, keroscne, gas oil and fuel 
oil. The curves showing the relation between pressure and volume of 
gas dissolved are reproduced in Fig. 4. Khowing what percentage of 
the crude oil each product a caaiaii and the volume of gas dissolved 
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Fia. 5. —PREnsURE VISCOSIMETER. 


sim ‘ionchy 1 was ponsible to compute = companies ene: “This curve 
(curve 6, Fig. 4) indicates a greater solubility than for the gas in the crude 
oil (curve 1, Fig. 4). Several factors may account for this variatiosd: 
‘There may be an error in the percentage of the total oil represented by | 
each refined product; the volume of gas shown as dissolved in the gasoline 
is probably a little high because some of the lighter gasoline fractions may 
| have distilled off with the gas, and some cracking may have taken place 
bo that the refined products actually differ in composition from the 
‘\ original oil. It is also possible that the ‘solubility of the gas in any one- 
oe a ae 








Pl's Ex. 16 
3A 292 


58 EFFECT OF DISSOLVED GAS UPON CRUDE OIL 


other products. This exporiment again demonstrates that. natural gas 
is more soluble in the ligh*=: ci:=. 


APPaRATus ror DeterMINING Viscosity oF Crupr O11 
ConrTatntnc Dissotvep Gas 


The viscosity of crude oil is commonly determined by the Saybolt 
viscosimeter. This apparatus, however, is not designed to measure 
viscosity under pressures other than atmospheric; therefore, to determine 
the viscosity of oils containing dissolved gas under pressure, it was neces- 


Feacnore Ia peese' m. (Gage) 


Peg. €6.—Dtacaal ROWING DECREASE IN VIACOSITY OF CRUDE OILS CONTAINING GASES 
DIMSOLVED UNDER PREAKURK. 
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sary to construct a viscosimeter that would operate under high pressures. 
ig. 5 shows the details of the pressure viseosimeter wrod. It was oper- 
ated in the following manner: 

ee ene ae ee ener ees Valve, then gas was 


introduced under pressure through the same valve, and the ‘tated until 
the eff. was completely saturated. Tis Souinshidens wat. Gatiuiies ty anecherof » 
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t temperature bath in which the entire apparatus wax placed. To obtain the 
iscosity the apparatus was inverted until the oil had drained into chamber A through 
tube A. It was then inverted and the oil in chamber A xtarted to flow through capil- 
lary C into the bottom chamber. The time required for the fluid level to rise 
from mark D on the lower gage glasx to mark Bon the upper ghus was taken. This 
time can be converted into Saybolt seconds by means of a calibration curve giving the 

relation between the Saybolt time aad the pressure-viscosimeter time. 
means of tube B the pressure is equalized throughout the apparatus, This 
tube ig much larger than the cnpillary tube C and thus permits the oil to flow readily 
inte aber A when the viscusimeter ix inverted. Capillary tube C ix Mein. 
and 2 in. long, and is drilled through 2 solid piece of brass sts shown i in the 

detail aketch in Fig. 5. 


Erraxct or Dissouvep Gas on Viscosity oF CRUDE on 


The. viscosity of crude oil is greatly reduced when the vil contains 
ges in solution. The decrease in viscosity depends upon the amount of 
ges dissolved in the oil if other conditions are constant. An oil with high 
initind viscosity will show a greater relative decrease for a Rive en amount 
ef dideolved gas than onc with a lower initial viscosity. 

6 shows the relation between pressure at which various oils 
were saturated with various gases and the percentage decrease in vis- 
essity of the oil. The viscosity decreases with an increase in pressure 
becatse more gas is dissolved at the higher pressure. Curves 1 and 2 
are for the same oil but with a different gus in solution; the same is also 
true of curves 3 and 4. Under the identical conditions, the gas dissolved 
‘dm the oils as shown by curves } and 4 is more soluble than the gus dis- 
‘geived in the oils for curves 2 and 3, and therefore at the same pressure 
produced a greater reduction in the viacosity of the oils. 

Garves 2 and 3 indicate the reduction in viscosity that resided when 
a) gas was dissolved in the different oils. The gas is more soluble 
:im the cil for curve 3 than in the oil for curve 2, but the reduction in vis- 
, is leas. The initial absolute viscosity of the oil for curve 2 is 
3!¢ times greater than that for the oil of curve 3. 

& and 6 show the reduction in viscosity when carbon dioxide 

respectively, are dimulved in the xameoil. Carbon dioxide 

is extre -eoluble and therefore produced the greatest reduction in 
at a given pressure. 


Egcct of Disevlred Air 


) hn efi wan madie to determine the elect of disatved sie upon 
‘the wisccsity.of an oil. The results were not consistent. In some tests 
the visessity was slightly reduced and in othera, increased. The incrensed 
siseeslty may be due to oxidation of the oil when in contact with the air. 
© Dew aad Calkin* found that the viscosity of two oils with which they 
ee ee ee 
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~*D. B. Dow and L. r. “Calkin: Op. cit 
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Jie the ‘eiensalle ndedemsonnll They attribute the increased viscosity 
to the oxidising effect of the air when in contact with the oil under high 
pressure. . It is of interest to note' that the two oils showing an increased 
vieoosity hed an initial Saybolt viscosity of 850 and 577 sec. st 100° F,, 


while, the cil showing decrease in viscosity, had an initial viscosity of 
Only 384 seo. at 100° F. 


Volume of Gas Dissolved ve. Percentage Viscosity Reduction 
‘The curves in Fig. 7 show thé relation between volume of gas dis- 
solved and percentage reduction in viscosity for different gases dissolved 


in the same oll. For eurves'l, = sal a rine a iad aca 


x "4 ’ 1 my COW 
Ges Disecived per Bbl. of Oil cu.fe. 
Fia.. 7.—DraGRaM SHOWING RELATION BETWEEN VOLUME OF DISSOLVED QAR AND 
IN VisCOS?TY OF CRUDE otL (30.2° A. P. I. o1n; TEMPERATURE 70° F.) 
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from the original 
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Evvect or TEMPERATURE ON Viscosity or Om CONTAINING: Drsouv ED 
Gas 


As the temperature incrvases, the viscosity of crude oil ee and 
at higher temperatures less gas will be dissolved in the oil, if other condi- 
tions are constant. However, the relative decrease in viscosity is approxi- 
mately the same for an equal volume of a given gas dissolved in the oil 
at different temperatures. This is illustrated by the curves in Fig. 8, 
which show the relation between absolute viscosity and volume of gas 
dissolved at different temperatures. As a further illustration, Table 2 
has been prepared from the data shown by curves in Fig. 8, to show the 
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om ee 


BTW TTT ww 
Gas Dissolved per Bbl. of Oil,cu. ++. 


Fia. a OF CRUDE OIL CONTAINING VARIOUS AMOUNTS OF PPwoLvED GAS 


AT DIFFERENT TE MPBERATURES. 
Weupinctene °F. 


percentage reduction in viscosity when an equal volume of gas is diaaolv ed 

in the same oil at different temperatures.“ ! 

TaBLE 2.—Percentage Reduction in Viscosity for Equal \ “olumes of Gas 
Dissolved in the Same Oil at Different Tem peratures 


70, Ht ‘110 

. Percentage redaction in viscgsity 
Gas dissolved/bbI. oil, 40 cu. ft 17.6 16.4 Is.bo 17.9 
Gas dissolved./bbl. 80 cu. ft .......... 20.7 26.8 29.0 80.2 


RELATION BETWEEN Viscosity AND: Flow or Om THROUGH | SanpDs 


Viscosity is the most important physical characteristic of crude oil 
which effects the rate of flow through a pipeline or the small irregular 
openings of a sand. The quantity of oil that will tlow through such 
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openings is inversely proportional to the viscosity, other conditions | 
‘Samaining constant, while the pressure required to produce a given flow 


thia fluid of low viscouity such as keroeenc will flow through the 

with little resistance compared to that of a viscous crude oil. 
Dut, if gas is dissolved in the oil the viscosity will be reduced and the oil 
wi besome thinner, approaching the consistency of kerosene as the 
yebsme of dissolved gas increases. It is estimated that the viscosity of 
the two oils used in the experiments would be reduced from 40 to 70 per 
| ‘‘gamé. when saturated with natural gas at a pressure of 1000 Ib. per sq. in. 
| Wader these conditions, the oil will be extremely thin and flow through the 
tads with much lees resistance. For example, if the viscosity of 
the cil should be reduced 50 per cent. twice as much would flow through 
the sands if other conditions remain constant, or one-half of the pressure 
would be required to force an equal amount through the sand. 





x) O ) 
Gas Dissolved per Bol of Oil cu. ft. 


Foc. 9.—DiaGRaM SHOWING RELATION BETWEEN SURFACE TENSION OF CKEDE OL AND 
VOLUME OF NATURAL GAS DISZOLVED UNDER PREMSURKE AT TO OF 


Curve 1. Oklahoms crude oil, 35.4° A. P. I. 
Curve 2. Oklahoma crude oil, 30.2° A. P. I. 


no special effort is made by present production methods to 
peoites off with s minimum amount of gas or to retain part of the gas in 
the sands under pressure such that it will remain in solution with the oil 
and thas reduce the viscosity and surface tension of the oil. If a larger 
pereentage of oil is to be recovered from the sands more thought must 
be given to the efficient utilization of the gas dissolved in and associated 
with the cil. 


Murnop or Dereruintne Surrace TENSION or CRUDE UIL CONTAINING 
Disso_vep Gas 


_ Sarface tension measurements were made by the cupillary-tule 
‘method in the following manner. The height to which an oil would rise 
- in a capillary tube was determined. The oil was then saturated with 
gee under pressure and capillary rise observed. Similar determinations 
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were made with the oil saturated with various amounts of gas. The 
relative surface tension was determined by the height to which the oil 
would rise in the capillary tube. The absolute surface tension was 
determined by calibrating the capillary tube with a liquid of known 
surface tension. 
Errect oF DissoLvVED GAS ON THE SURFACE TENSION OF CRUDE OIL 
The surface tension of crude oil is reduced by dissolved gas. Fig. 9 
shows the relation between the volume of gas dissolved in two different 
oils and the surface tension in dynes per cm. . These curves are approxi- 


mately parallel. The difference appears to be caused by a variation 
in the initial surface tension. The relation between percentage reduction 
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Gas Distehed per Bblof Oil, cu. ft 


Fio.,. 10. —DIaAGRaAM SHOWING DECREASE IN 8URFACE TENSION or CRUDE OILS 
‘CONTAINING NATURAL GAM DISSOLVED UNDER PRESSURE (comrostTE CURVE). 


in surface tension and the volume of dissolved gas for both oils is shown 
by the one curve in Fig. 10. This indicates that equal volumes of the 
same gas dissolved in each oil caused the same relative decrease in sur- 
face tension. Insufficiont information is available to mel drawing 
any such conclusion. 


RELATION BETWEEN SuRFACE TENSION AND Recovenasur Om 


A large percentage of cil which present production methods fail to 
remove from the sands_is held by capillarity. As the gas dissolved 
in-the oil escapes, the surface tension is increased and, likewise, the 
capillary force which is a measure of the surface teusion. If this increase 
.in surface tension could be prevented during the process of extracting oil 
from the sands, a gréater volume of oil should be recovered. 


DISCUSSION | 
J. BR. MoW mame, * Tulsa, Okla, (written discussion).—-Those of : you; who are not 
acquainted with the mcaning of the terms “critical velocity,” “viscous flow,” and: 
Peet mega flow,” I would like to refer to Prof. L. C. Uren's book, * Petroleum Pro- 
duction Engineering,” Chap. 18, p: 545, i 


* Petroleum engineer, Skelly Oil Co. 
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In the Oct. 7, 1926, issue of Oil and Gax Journal there appeared an article by 
William G, Heltscl entitled “Fluid Flow and Friction in Pipelines,” with the history 
of experimental work described, mechanism of flow explained and friction loxs formulas 
presented. This article supplies the experimental data to prove the statement that 
viscosity is an important factor in deterniining the friction loss in viscous flow and the 
density of the fluid is a negligible factor, but the reverse is truc in the exxe of turbulent 
flow, density becomes the important factor in determining friction los, and viscosity 
is a negligible factor, 

The question as to what effect the viscosity of the oil in an oil and gas reservoir 
has on the quantity of of] recovered srems to resolve iteelf intowhether the flow through 
the pores of the sand is viscous or turbulent. 

Most oil and gas reservoirs contain gas in such quantities that it cannot all be in 
solution with the oil at the existing reacrvoir preasure and therefore it must exist as 
free gas. The differential preasure between the reservoir pressure and the well 
pressure determines the velocity at which the oil and gas will flow. When one con- 
siders the minute size and arrangement of the pores and the winding cour which the 
oil and gas must follow to arrive at the well, it would seem impowible to avoid turhu- 
lent flow even if the differential preesure could be controlled. The frev gas would 
only tend to aggravate the situation. There would probably come a time in the life 
of an oil and gas reservoir when Viscous flow would predominate. However, the 
reservoir pressure would be approaching exhaustion and the greater portion of the 
gue originally dissolved in the oi! under higher preeures would have been rlensed. 

If the flow of oil and gas through the pores of a reservoir is “turbulent flow” 
during the time that the greater part of the reservoir prewure ix being relieved. it 
geome reasonable to believe that the same physical characteristics determine friction 
jens under this condition as they do through a pipe line. If density is the important 
factor to be considered in determining the friction loss in turbulent flow, it follows 
that the amcunt of gas which could be dimolved in a barrel of oil would not materially 
affect the frietion lose through the pore space. The denaity of # barrel of vil is changed 
wery little by the weight of the maximum amuunt of gas that can be dissolved in it. 


H. L, Epwamve, Houston, Texas.—The following briefly represcnt« our 
Said axperianss; 
With pressat equipment we are now using in the ficid, 1000 Ib. is tow much 
premure. We have been putting gas back into the sands in Central Texas at a pree 
save that varied from 230 to 500 ib., and we found at this pressure we lowered the 
visesaity of the oll. We applied a slight vacuum to this oil again and recover 3 
| ar peter eed nagging waders Of course, these are only rough 
field experiments. We are now installing three large-size compremors in one of our 
—“——_ which I will be only too glad 
you. 


J. R. Sumax,* Houston, Tex. (written discussion). —I believe that the information 
ehtained from these experiments is of vital importance to the industry. Using these 
date os a basis we should be able to work out some further valuable data by experi 
sents with Gowing wells. It would stem to me very important that tests should be 
entried en in the Mid-Continent to ave what can be worked vut. For instance, | 
weuld consider i entirely feasible to apply these data as follows: We find from thew 
tests that a barvel of crude oil of 35° gravity will absorb 236 cu. ft. of a certain characte? 
. of gas under 1600 Ib. premere. We already know the number of cubic fect of gan 
which it takes te Sow a barrel of ell. By combining these two sets uf information we 
ean arrive at the minimem number ef cubic feet of gas which should be allowed tu be 


| © Direster of production department, Hamble Oil & Refining Co. 
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expelled from a flowing well which inakes so many barrels of oil per day. Back- 
pressure can then be applied to the well to the point where this determined number 
of cubic fect of gas ix released per bareel produced. By watching this well over a 
period of montls ono should easily be able to tell whether or not the production curve 
bears out the experimental work, . ae 
It would scem to me that theae tests show very conclusively that in the application 
of the Smith-Dunn or related procezses the compressed gas should certainly be intro- 
duced into thd presure well, rather than compressed air, in order to accure the 
best results, | - a as | 
_ In flowing wells which produce oil from very fine grained sanda it would seem 
that the matter of reduction of surface tension is more important than reduction of 
Viscosity, In the Gulf Coast we have very fine grained sands which require setting 
of strainer with openings as finc as 0.006 in. It has always been an interest ing point of 
Giscussion in the Gulf Coast as to how such large volumes of oil could pass #0 quickly 
through theee fine graincd sands and give us the large daily production which comes 
from some of our gusher wells, ! 

It is also iaterveting to note that the gas produced with the vil in the Gulf Cuast 
han very little, if any, gasoline content. It scems to have a very high percentage of 
methane with'a rather high fraction of HS. It is produced with an oil which carries 
very little, if any, gasoline cuntent and this oil is relatively heavy. It would be very 
interesting to have the experimeats of Beecher and Parkhurst carried out on some of 
the Gulf Coast crudes to sre how much of this particular character of gas could be 
eheerbed by our bravy Gulf Const oils, Tam under the imprcadon that results would 
be diflevent from those obtained in Oklabuma, using light oils and gas containing a 
eensidevable portion of C,H, | 

_ BE these expeeiments showed that a harrel of this heavy oil would only dimulve 
a Senstion of the quantity of gas diveatved by the lighter grade oils, it would be appar. 
eat that we would have to look clrwhere for means of recovering more barrels pre 
aane, than by applying the conclusions arrived at in this article. | 


+ &Q Lawns, Trelea, Obla.—I have known something of Me. Borcher’s experiments 
nd hae heoe vary interested in thron. It srems to me that thrue are new facts 
whisk we have net lied befere, nor lung enough, to hnow jt huw to we or produce 
yume these. When we considre our gas we have to consider it from two standpaints. 
Me, Bessher has brought out the reduction in resistance to the movahie ail by rrasun 
of the inssbation of the gne,—that in, the gas in sulution reducee the viscosity and the 
eaplinaity end theeslere decreasra the rreigtanes, and yuu hare also to cunsider the 


int mre the oll et hr andn you hve ae to pera the 
a prams Ubrwegh aomee apelied 
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finally reach a point where instead of moving the oil, all you get out of the sand ix 
the gas. 
‘ That should be carefully considered in drawing any conclusions ax to the effect 
of your gas in solution because it would appear off-hand that it is a measure of the 
relative efficiency of the gas in acting the two ways. Ido not know whether that isa 
true measure or not, because it is complicated by the loss of the uae of gas pressure in 
fiow lines to the surface. If you are lifting oil to the surface and do not maintain a 
certain velocity in the well that will move the oil out, a possible separation of the gax 
takes place in the pipe; if you had a pump on the well you could operate with a much 
greater pressure against the well and, finally, it stems to me you would have to make 
a compromise between the two factors. We have both to keep the car greased and 


keep gasoline in the tank. 


T. E. Swicart,* Los Angeles, Cal. (written discussion).—This paper preacnts data 
of great value and the authors are to be congratulated upon the thoroughness with 
which they have handled their subject. Data relating to absorption of different? gases 
in oils and resultant effects upon properties of the oils are particularly useful at this 
time, when application of the Marietta process is becoming general. 

. In 1922, while experimenting with back-pressure on pumping wells in ‘northern 
Ouage County, Oklahoma, the writer recognised the possible beneficial effects frum 
lowered viscosity of crude oil underground through the presence of dissolved gux, | 
and suggested in his report’ that experiments be made to,determine this effect. 
Because of. work in hand, the Bureau of Mines was unable‘to carry on the necessary 
experimenting, It is gratifying to learn, therefore, that the work been done 
so well, and the Empire Companies deserve the thanks: of the dfdustry ; for making 
public their findings. 

Several of the findings by Beecher and Parkhurst warrant immediate consideration, 
because their results suggest certain operating methods that are pumible of control. 
They stiow first that more so-called “wet” gas will be dissolved by a certain oil at a 
given preasure, than “dry” gas oF air, under the same conditions. Also, becauw of 
this, “wet” gas at a given charging pressure lowers the ‘viscouity- of « particular oil 
almost twice as much as “dry” gas and 10 tirnes as much as hydrogen which, it appear«. 
acts almost the same as air. Later the writers show that whereas 20 cu. ft. of dry gas 
or hydrogen dissolved in 1 bbi. of 30.2° A. P. I. oil lowers the viscosity by iin 
2 cu. ft. of wet gas will lower the viscosity by 15 per cent. 

Such observations naturally lead the operator using the Marietta ‘to 
imquire whether he should recycle “wet” gas and not recover natural gas which 
represeats a definite profit, or whether he should remove the gasoline and recycle dry 
gas, knowing that the same amount would require a higher pressure before it could be 
dimolved. He would also know that a volume of dissolved dry gas would only“lower 
the viscosity of the oil about one-half as much as a like volume of wet as. If no 
natural gas were available, would the operator be justified in using air in the Marictta 
process, knowing that air would be very much leas effective than gas and might even 
increase the viscosity of oil trough oxidation. 

The decision between wet and dry gas for the Marietta process can partly be deter- 
mined by operating costs. Assuming the cost of compression is the same for both, 
it is necessary to add the net value of the gasoline in the wet gas when it is returned 
to the oil aands. The following tabulation compares the two methods of operating: 


* Production Engineer, Shell Co. of California. 
ee ne eee Wells. Tech. Paper 322, Bur. 
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Total cost of atnodinss “ing gas to; $0.33 $0.13 | 
__key. well per M. cu. ft. 


'‘ | 


Wet Gas Dry Gas 
Compression cost including fuel $0.03 $0.03 | Ansumed for pur. 
pe Meath pores of illustra- 
tion | 
Value of.gas in pilbiahi per Mecu.l 0.10 0.10 Aumed for pur- 
ft. | . poses of illustra- 
jc. | ; 
Net value of gasoline in 1000 cu.! 0.20 Ansumed for pur- 
ft of eae ° ~ | pomon of illustr- 
\ tion 





Value of gas expected eventually 0.30 0.30 | : | 
to be recovered, per M. cu. ft. 





SS ee ne Ree ee ee ee ED 


a ae ae oe 
Cost-or profit of operation per M. | 0.03 (Cont) | 0.17 (Profit) | 
eu, ft. 3 | 
. 2 
From daily. operating standpoint, it appears mach more profitable to introduce 
dry gas than wet gas. In fact, gasoline recovered from wet gas would pay compreasion 
charges four or five times over, Ax it does not seem probable in light of prevent 
information that the Marictta process will more than doable the recovery: of oil fron. 
sands by natural means, it appears that the recovery of gasoline by the passing of 
dry‘ gas through oil «and ix warranted, because dry gas eventually would strip oil 
which could not be recovered by the Marietta process, of ita gasoline. Thus, an added 
recovery of a natural resource would be effected. 
However, the same amount of wet gas might riv e much better results in the Mari- 


etta process than dry gas and, moreover, might give these results at lower pressures. 


The operator who has the foresight and courage to spend thouxands of dollars for 
compressor installations, for gas to introduce -back into the sands and | for current 
operating expenses, will be interested in appraixing the possible adv antage of using 
wet gas, even though an immediate operating profit might be lost, if by ms doing he 
has a reasonable chance of increasing the recovery of vil from the xan, : 

The data presented by Beecher and Parkburst would indicate that the use of sir 
forthe Marietta process ix mach less advantageous than the use of dry or wet mas and 
ghould not be revorted to if gax can be obtained. However, most operators in the 
Mastern fields usr air and the records of many of their projects prove that results 
compressed air are well worth while. 
writers state “no special effort ix made by prevent production stet hocks, to 
Bi ivete with a minimum amount of gax or to retain part of the gas in the sands 


Hi 


wades pressure.” While this wax truc formerly, it no longer holds for all operators, . 
For example, the present producing policy of the Shell Co., with which the writer is 


assotigted, is founded on the principle of producing oil with lowcet pomible gas-oil 
ratie, in order to retard exhaustion of natural gas from oil sands and thereby obtain 
shore oll ultimately, ‘This principle is accepted both by the company’s executives 
‘and by the men in the field. Many experiments are being condgcted an different 
kinds of wells for forthe, exiene purpose of reducing the gax-oil ratios, To accomplish 
. Chia, —— are killed to permit tubing ur other chahges, prrernt potential 
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el productions of both line or inside wells are restricted, compression costs for 
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rae The anewer to these methods of oprration, is the conviction of Shell Co. 
that produaing with low gne-cil raticg will result in higher ultimate recoveries 
teem ths oll sands. 


3. G O Casnan,® Chileage Bi. (written discuasion).—The experiments carried 

ate Dr. Beecher very clearty show that oil has decidedly different physical charac. 

endeagreund thes when produced, and probably in its original «tate, before 

oS Gayay well io drilled in, will, if balances are upart, move freely through the 

ind, the qops of this movement varying as the preasure, provided a soluble ga is 

pean. 3 dis is rus, why net apply these principles when reviving old fic kids and 

’ bald up the original rock preawure, allowing only cnough differential in 

eres wots taking gs on those producing oil to force the oil 
the end? 

; spriaccca af bash-prewere on new fields will, in a limited way, accomplish 

te aaa patbominety ia water-drive fields, aczist in retarding coning. but is not the 
benelit g@uing to come along this tine when pressures are applied to oil fields 
p the eriginal seck pretsure has been too badly dissipated? xperimenting will 
girs seme tee of the economic viscosity to maintain, so oil of given known 
alesse guvity wil flew meet freely the sand and give the best recovery. 
‘Phase supenimeats would lead onc to that with any gas, exiept air, regu. 
5 | pusencen in o cand are an advantage and advisable an a recovery stand. 
om of the opinion that there may be instances where such a position ix not 
§ustified. Although gae-barrel ratios in cases of this character may be higher 
‘and pommenes are more quickly lowered than consistent with the control theory, 
saaverthelves, fren the dollars and cents standpoint, it is probably advisuble to get all 
‘the oft penile right now, tather than over an extended period of time, even though 
vecovary might have been greater had control methods been in vogue. 

. , Xue meshanieal application of the preasure control ides is a comparatively snnple 
due and need net be disvussed here. The physical application, however, ix apt to be 
snese complicated and as 2 remit thereof, it is better to vary the pressures maintained 
fa Ene with the behavior of the individual wells affected, and also the premures, if any, 
that ase being maintained on adjoining properties. In some arcas, a gax-barrel ratio 

-@8 lew an 1800 ft. may be entirely workable and bring satisfactory financial return 
Om the other band, on other properties where a different sct of conditions exixts, it ix 
‘Galli peslble that the operator may consider 2 ratio of 10,000 ft. equally good for 
fe nwk. ‘Teams are factors impossible of determination until actually faced and no 

may be established in advance of actual application. 

wR appee thet the industry ean well afford to pay more attention to it« gis values, 
‘eslabraaicos of promi on the sands and their effect upon ultimate recovery. 












Me ©. % Damemn.—I am not prepared to say whether flow of oil through the «und ts, 


ec a When you stop to consider the large volume of oil 
goving towed the well, as you get farther from the well the rate at which this oil 
ty moving te wery slow compared to the ail which is in the vicinity of the well. Tam 
[hte vane eer , except fairly clove to the well, is of a viscous nature. 
wea te into those formulations and if other conditions are equal 
quantity varies with viscosity; therefore, if the viscosity is cut in half you get double 
foment, and that varies directly as a pressure. 
J. R. Bumax.—I would like to ask if Mr. Beecher took into consideration, in the 
question of the reduction im the cubic feet of gas with a certain oil, the increase in the 
If you take a barrel of oil at 50° and inercase it to 110°, it will increase 
im volume 3 to 5 per cent., depending on the gravity of the oil. It is natural that 9 
a sar? 
ee e 


* Chief production engineer, Pure Oil Co. 
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C, E. Beecuer.—We did not consider that to a fine degree. We made a small 
percentage allowance on that basis but not more because the tapstinent did not 


justify it. 


J. R. Soman.—Did you attempt to make a separate saturated solute of gas and 
- Gl at any time? For instance, if you saturated a barrel of oil at 1000 Ib. pressure 
and dropped the pressure to 500 Ib., did you determine whether the ratio of gas to 
oil then would be any different from your more extreme solution » especially an equilil- 
num of 500 Ib. pressure? ! 


C. E. Beecner.—We did not do it exactly in that manner, — we tried 
to get 300 or 400 Ib.; we saturated the oil with gas and when we got through we might 
have a preasure of 450 or 500 1b. We would let the gas off until it came to the pres- 
sure we desired, and apparently it seemed to check the same ax though we had stopped 
exactly at that pressure. However, as I pointed out, these i lil were refined 
to such an extent that you could find small differences. 


R. Van A. Mits,* Bartlesville, Okla.—Mr. Beecher’s reasoning, expecially his 
later remarks about the flow through the sands being a viscous flow, is absulutely 
sound. It checks with my limited experience in studying mvovery from sands under 
expulsion by both gas and water. Recovery was invariably in Various ratios 
to viscosity. 


M. G. Horrman, Tulsa, Okla. —Mr. Beecher, what results do you get rnd to what 
extent do you carry the results on the curve? 











C. E. Bezcner:—The points shown on the curve are actual expe rimental points. 
None of our pressure work went over G00 1b. Mr. Hoffman has worked with oils of 2 
different character than ours. They use oils of a very high viscosity, ‘oil at’ 100°. 
Saybolt and 100° F. that would run, I believe, up to 500° Saybolt, ‘and it was very 
different from the ones that we were using. _ Also the gases they are using are pure, 















gasses. ! 
In general I think our result« check the experiments Mr. Daley made. : Up to 250 
or 300 Ib. it is practically a straight line. I think if he had carried this to n little higher. 
pressure he would have obtained the curve practically the same as ours. | 
One other point: I have a little comparixon here. In onc of Mr. Daley's experi- 
ments in which he used an Oklahoma crude having a gravity of 29° practically, 30° 
would dissolve the pure movent gas in that at a temperature of 100° F: Now, this 
eurve shows that where an equal volume of gas is dissolved in a barrel of oil, say 20 ft. 
of gas dissolved in a barrel of oil. — He shows almost the same reduction in viscosity 
my curve shows with carbon dioxide, the dry gas and the hydrogen. This indicates 
that if he has shown his results the same as I he would probably have ‘comin the 
same or a trifle higher reduction of viscosity. 














E. C. Yerry, Ponca City, Okla.—We performed some preliminary ao ae 
and the experiment we got up around 250 Ib. pressure showed a decrease in viscosity 
of around 50 per'cent. The solubility effect and the decrease in viscosity effect was 
largely with the Marland crude, which is a high viscosity crude and highe r than any 
weed in Mr. Daley's work, and I believe i in any of Mr. Beecher's. 


“US. nei of Mines. 
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UNITED STATES PATENT OFFICE 


PETER J. SPINDLER, OF OLEAN, NEW YORK | 
| 
METHOD OF TREATING OIL FIELDS | 


Application filed April 4, 1830. Serial No. 441,606. 


This invention relates to a simplified lay- usual practice to drill through the oil sand 
out for and method of working oil fields by slong the boundary of the working and flood 
which larger yields of oil from oil-bearing these boundary wells with an oil impervious 
strata may be obtained. The method in- material. The so encompassed oil is pre- 

s volves the application of fluid pressure,either vented from escaping from the vag ob 50 
liquid or gaseous, to the oil-bearing sand or adjacent workings, oil being obtained from 
‘strata and when liquid is utilized flooding or the so enclosed and eniaaypee sand by expel- 
‘pressure wells are provided about the oil well. ling the same by means of air or gas under 

_. In the method of recovering oil from oil pressure. ; 
10 sand presently in use the total quantity of In the Neon of oil by using a flooding 5s 
oil contained in the sand is not recovered. method, great difficulty has been encoun 
‘Said method is not adapted for such recovery due to unequal distances from well to well 
since the flow of oil from the sand is depend- with consequent introduction of water into 
ent on the oil pressure therein. The expul- the effluent oil well by channeling within 
13 ‘Sive flow of the oil results in a rapid outflow the sand or by an ineffective advancing bar- 60 
‘and poor recovery, as a considerable percent rier of water with a consequent incomplete 
of the oil remains in the sand. Under some clean-up of the oil. 7 
conditions it is estimated that thirty percent The position and relation of! the ripen | 
is obtained on gushing. The flow of oil from wells and their relative distance from 
gy these partially depleted sands d sarea'y after other and from the oil venting well is a mat- 65 
the initial gushing at a very slow but fairly ter which has received but scant attention. 
constant rate. 
This flow has been materially aided by in- 
troducing into the well certain aly ane has 
25 gaseous materials, or hi volatile su 
‘stances such as natural ie the volatile 
fragments of line. e introduction of 
‘these oil soluble materials under 
‘creates a new flow of oii from the sand by 
su Virtue of the increased pressure therein and x , 3 
of the ee mobility of the resulting solu- flooding fluid; notwithstanding 
_tion of oil and oil soluble material. These an incomplete clean-up of oil has occurred. 
combined features aid in overcoming the re- The 
_ sistance offered to the flow of oil through the 
35 sand with resultant continued and increased 


flow. 
It has also been that the residual Wh i ili ahs Seating 
surrounded by 
My invention has for its objects to provide 9% 
7 as be distance of the flood- 
the motivating ‘um. 
In another method of working, the oil sand i 
under exploitation is surro a ber- 
46 rier impervious to the oil. It has We 
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an oil field ; to provide what might be termed 
a homologous system by which uniformity of 


the sp is i ; and to provide a 
smnls msthod by- which a rep ing of 
ch oil-bearing strata ay be accomplished 
with a minimum o on and expense. | 
The invention Pate has for its object 
to provide an improved |i, and layout 
for the working of oil fiel 
We tee a oa icting the i ed 
. 1 is a view depi _the improv 
layout the = field ‘ait 
Big is a diagrammatic view illustrat- 
e general working of the system. 
ig. 34s a vertical section of the oil field 
showing certain wells therein. 
Fig. 4 is a vertical section showing the 
mug 0 a field containing a plurality of 
ong. Bi diagrammatic view showing th 
. 5isa c view showing the 
operations under the liquid drive system. 
Fig. 6 is a similar view showing the oper- 
ations under the air of gaseous repressuring 


Fig. 7 shows the action of a compressible 
ae atone ool bearing strata d10 

rous oil- or sand 10 con- 

a mineral oil therein under such pres- 
sure that the natural flow of such oil to the 
surface has ceased or which flows with re- 
duced vigor, overlies a strata of rock 11 which 
is substantially impervious to oil or water. 
The oil sand 1s overlain by a gas sand 10a 
containing no oil and is ca by a strata 
12 which is non-porous and impenetrable to 
oil or water, and above this is the overburden 
13 of other strata, clay, earth and humus to 
the surface 14. 

Oil wells fitted with suitable casings con- 
necting the sand to the surface, contain pipes 
16 and 16a therein, certain of which 16 are de- 
signed to carry oil from the sand and others 
16a to lead an oil ing fiuid which in 
the first form of the invention, is substan- 
tially incompressible, 
ee iar t of the well is pro- 
duced in the sand by shattering the same and 


the reservoir 17 is formed adjacent the lower 


end of the pipe 16 or 16a for retaining the 


excess of oil or water. A tight packing 18 


rovided immediately above the oil sand 
the non oil ere strata or sand to pre- 
uid through any sand ex- 


is 
an 
vent the escape of fi 
cept the oil sand. ; ; | 
A main water supply line 19 carries water 


to the various flooding wells and it is intro- 
duced into the said wells under definite pres- 
sure. The pressure of the fi fluid is re- 
duced by means of a reduction valve general- 
ly illustrated at 20 and regulated to the de- 
aired degres of preatine ax nevad by mieaus-of 
the pressure indicator 21. The fi fluid 
enters the oil ee of : va 

posed pressure, and of the porosity of the 
66 sand, travels therethrough in a plane substan- 


such as water, to the 
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tially parallel to the plane of the strata push- 
ing the epieapped oil before it. As indicated 
in Fig. Be eels collects within the 
reservoir I lately under the oil venting 
well by virtue of the imposed ft poseang force 
of the flooding fluid as previously mentioned. 

‘Where the oil bearing sand is overlaid by a 
depleted gas sand, pebble sand, or clover seed 
sand, in which there is no oil, this particular 
sand is packed off as indicated at 18, and the 
flooding. fluid introduced directly thereun- 
der into the oil bearing strata. 

In those particular cases in which several 
oil bearing sands 10 (Fig. 4) are found over- 
lying one another, the working may be car- 
ried out by a procedure in which the casing 
carries a plurality of flooding conduits 16, or 
of venting conduits as the case may be. e 
separate oil sands are packed off in the usual 
manner and to each a conduit is led from the 
main water supply conduit 19 furnishing 
flooding fluid whereby the flooding fluid en- 
ters the separate strata and is caused to move 
outwardly therefrom, and push before it the 
entrapped 
mentioned above, the porosities of the various 
sands differ materially one from the other 
and effectively prevent the use of a single 
source of flooding fluid having the same static 
head. This variation in porosities necessi- 
tates the use of flooding fluids of a definite 
head for a definite single strata. The requi- 
site head is supplied from the water main 19 
through the reducing valves 20 and 
to the desired pressure by consulting the pres- 
sure indicators 21. 

The flooding fluid which is designed to ex- 

I‘the oil from the strata is introduced, and 

y virtue of the reservoir a face or wall of 
fluid contacts with the oil ing strata from 
its lower to its upper surface. those cases 
where the porosity and permeability of the 
sand differ it is greater in the direction of 
the strata from that in a plane perpendicu- 
larly through the strata it is of material im- 


_ portance to impose such a wall of fluid to the 


sand and move it uniformly through the sand 
in the plane of the strata. 

In laying out the field, a “central” well 22 
is surrounded by six other wells 23, i 
seven inall. This permits of the six wells be- 
ing equally spaced from each other and with 
an equal x mee 4 of said six wells forming 
equi-arcs about the central well, it is a hepta- 
homologous arrangement. Now with a plu- 
rality of the “central” wells in an 
equi-lateral triangular relationship, and with 
an imagi connecting line between two ad- 
jacent central wells, inte i 
tween adjacent wells perpendicul: 
the adjacent two flooding wells in the liquid 
pi = hag or the adjacent two er 
or oil wells in the repressuring m) are 
common to each of the two cuitial oe and 


one of these adjacent flooding wells (or vent- 130 





and subsequently collected oil. As 
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ang wel) is common to the three adjacent 
nd triangularly arranged central w 

By this homologous arrangement the sur- 
, ee wells are equally spaced from each 
| 8 othera 


from the central w The driving 
or pressing water from each flooding well is 
j that of the adjacent fi well 


i wi 


fore it a a oem sufficiently close to the 


venting well to break through thereinto at 


10 the weaker point or points. 


By exerting pressure upon the flooding 
fluid, which may vary up to 1800 lbs. or 
ter according to the porosity of the sand, 
the distance of the wells from one another, 
18 the depth of the sand and other factors, the 
3 aoe fluid is ca to move uniform] 
through the sand toward the oil venting well. 
The fluid flooding means forms an oil imper- 
vious barrier surrounding the well. As may 
‘20 be seen im Fig. 5, flooding wells 23 placed at 
' equal distances from one another, as an aver- 
age figure 200 feet, (although there are many 
factors to be considered in choosing the dis- 
tance) surround the oil venting well 22 and 
this well is equi-distant from all the flooding 
wells. The results of such an arrangement 
are to effectively create the oil impervious 
barrier about the well before there is a pos- 
sibility for the fluid to break through the 
sand and reach the well. In the case illus- 
trated, where the wells are spaced 200 feet 
one from the other, the flooding fluid travels 
100 feet outwardly from each well to form 
the barrier, but must travel 200 feet to reach 
the well. If the wells were spaced in tri- 
angular form about the oil venting well and 
spaced 200 feet apart, the flooding fluid would 
still have to travel 100 feet before a continu- 
ous barrier was formed. The venting well 
would, however, be only 115 feet from the 
flooding well. It will be readily seen that 
any configuration and relation of the flood- 
ing wells and oil venting well, except that 
disclosed in the present method, will not 
provide the assurance of the formation of a 
barrier completely surrounding the well be- 
fore the flooding liquid reaches the well and 
breaks = into the well. Under such a 
contingen ere is a consequent decrease in 


the flow of oil, added expense attendant on lines. 


the operation of pumping quantities of flood- 
ing fluid from the well, and additional time 
requirement to clean up the oil in the given 


In a complete lay-out of an oil field which 
is adapted to be worked by the present meth- 
od disclosed as invention, 2 plurality of 
hepta-homologous arrangements of oil vent- 
ing wells and flooding wells is provided. 
Where this arrangement is provided, a plu- 
rality of rows of wells runs longitudinally 
of the oil field. Between the separate rows 
| pf oi} wells are drilled a row of flooding wells. 
It will be noted that all lines bearing an an- 


gular relation of sixty degrees to that pass- 
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ane Chrcaipy the oil wells will intersect oil 
wells only. While s line bearing an 
relation of thirty de with the above- 
mentioned lines will intersect. two flooding 
wells between two oil venting wells. 

A better recovery of oil is obtained when 
flooding with an incompressible fluid, such 
as water, by drilling the flooding wells prior 
to drilling the venting wells, and thereafter 
introducing the flooding fluid. The fluid thus 
introduced into the oil sand seeps through 
the sand and builds up a liquid flooding bar- 
rier which is more efficient in its clean-up 
than obtained under the prior practice when 
the oil venting wells were drilled at the 
same time as the flooding wells. Under the 
practice of delayed drilling of the oil venting 
— economy of operation is materially 


al j 
The particular advantages ing from 
the arrangement as set forth above hessby 
a complete barrier of flooding fluid is caused 
to be formed about a given, venting source, 
provide not only an efficacious method of 
complete oil clean-up within the field, but 
allow an economy and pmplaty in the 
arrangement of piping to the flooding wells 
and from the venting wells. In Fig. 1, which 
is illustrative of an ideal arrangement, the 
water pressure mains 19 are placed trans- 
versely of the oil field, and usually at one end 
thereof. For pu of economy in in- — 
specting and repairing these pee ar lines, 
the oil collecting main 2% is placed in parallel 
tion and adjacent to the water main 19. 
ese mains may be of any desired size de- 
pees hea ~- prem of Neder and Spon 
the quality of fluid flowing therethrough an 
from the oil field. - 
Auxiliary water supply mains 26 lead from 
the water main 19. The oil main 24 has con- 
nected thereto a feeder pipe 25 which in turn, 
connects the well aide of each oil venting 
well 16 which it is desired to serve. The aux- 
iliary water supply mains are placed for pur- 
red parallel to oe feeder oil 
main. e the arrangement of piping out- 
lined above is the ideal one, many aston will 
enter into the final disposition of the pe 
ss. Insofar as the topography of 
region will permit the above mentioned - 
lel arrangement is adhered to. A desired 
economy will be effected by so arranging the 
oil collecting pipes that any} gravity flow to 
the storage tanks may be used advantageous- 
ly. Connecting pipes 27, usually one inch, are 
provided leading from the auxiliary supply 
whereby fluid communication with the vari- 
ous flooding wells is obtained, 
The description, as di : 
the worming of oil fields by the use of an in- 
compressible fluid, such as water. Under 
some conditions, it is desirable and advan- 
tageous to use a fluid which is compressible, 
such as air, natural gas, carbon dioxide, etc, 390. 


eed 


provides for 198 
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Under such conditions, the central wells 22 
are used as flooding wells and the fluid in- 
troduced therethrough, permitting it to move 
outwardly from the flooding source. Under 
this “re-p i system, hereinafter 
5 more fully described, oil is vented from those 
wells surrounding the central flooding wells. 
In the method of working, the conn 
shown in Fig. 1 as oil venting an 


ipe lines 
Gollecting nee St will ction as the carrier | 
10 of the compressible flooding fluid, whereas 


the flooding lines 26 therein, collect and trans- 
port the vented oil to storage. 

In this method of working, the same ar- 
rangement of drilled wellsis used. This con- 

ion requires a central well surrounded 
by a plurality of spaced wells, said surround- 
ing wells veeng auscec equi t one from 
the other and from the centri well. In this 
method, an efficacious clean-up of the oil is 
obtained by “rep i the oil sand 
is to say, air or other compressible fluids, 
is introduced into the strata through the cen- 
tral well, the oil contained in the strata being 
moved evo ee the strata on increasing 
the pressure therein. 

As shown in Fig. 6, in this method of work- 
ing the compressible fluid, air, carbon diox- 
ide, natural gas, ethane or other lower frag- 
ments: of petroleum are introduced under 

ressure through the central well 22. The 
initial pressures are quite substantial vary- 
ing up to 100 to 500 lbs., or higher. 

This is the initial pressure of the compres- 
sible fluid being pumped into the sand, and 
depending upon the variable factors, such 
as thickness of the strata, area of the field, 


porosity of the sand, quantity of residual oil | 


in the sand, etc., the pumping is continued 
for several days or even several months to 
build up the desired pressure in the sand. 
The high pressures obtaining at the well head 
gradually recede as the compressible fluid 
seeps through the sand, creating a substan- 
tially uniform static pressure therein 
throughout the entire rep area. 
shown in Fig. 7, the compressible fluid ma 
flow in a straight line from the entrant w 
or take a circuitous path as the porosity of the 
so Tock changes or as impenetrable barriers are 
encountered. : ; 

Air, under substantially high pressure, 
when introduced into the strata oozes rapidly 
therethrough, and within a comparatively 
short space of time, a uniformly increased 
pressure is obtained through the sand. Ad- 
ditional introduction of air under a substan- 
tially lower pressure, ai de tha in 
av cases approxima y 100 lbs., causes 

to flow outwardly from the central 
well toward the collecting wells surrounding 
said central well, and the oil is vented from 
the surrounding wells at a fially con- 
stant rate as the pressure in the same is main- 


- comprises fl 


As strata, and ventin 
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Whatisclaimedis——- 

1. The method of working oil fields which 
comprises simultaneo introducing 28 
flooding finid jute an oil bearing strata at 
substantially equidistant intervals in the 
strata, and venting the oil from the strata 
at a distance from the flooding entry, which 
distance is substantially the same as that of 
the flooding intervals, 

2. The method of working oil fields which 
comprises venting the oil from a well in fluid 
‘communication with an oil ing stra 
providing a plurality of flooding wells in flui 
communication with said strata substantially 
equidistant from the venting well and from 
each other, introducing a flooding fluid and 
‘causing said fluid to encroach upon the vent- 
ing well from all sides under influence of 


static 5 beige 
' 3. The method of working oil fields which 
ing the oil strata through a 
plurality of wells substantially equidistant 
rom each other and withdrawing oil from 
bn 5 apie, Tyce which is sp from the 
flooding wells at a distance substantial 
equal to the distance between adjacent flood- 
ing wells. 

4. The method of working oil fields which 
‘comprises the exertion of static pressure upon 
‘a flooding fluid in fluid communication, at a 
plurality of substantially equidistant inter- 
vals, with an oil bearing strata, whereby the 
oil is caused to flow in the strata toward a 
‘vent, in fluid communication with the strata, 
‘said vent being spaced from flooding 
at an interval substantially equal to their 
distance apart. 

5. The method of working oil fields which 
comprises the — of forming a fluid bar- 
rier by flooding the oil bearing strata with 
an incompressible fluid medium through 
wells in fluid communication with the strata 
and spaced apart at equidistant intervals 
exerting static pressure upon said fluid 
whereby said barrier is moved through the 1 
ing oil from the strata 
through a well sp from the flooding wells 
‘at a distance equal to their distance apart, as 
the flooding fluid encroaches upon the vent- 


ing well. . 

6. The method of working oil fields which 
comprises forming a fluid barrier y floodi 
the oil bearing strata with 2 fluid medium 
through wells in fluid communication with the 
strata and spaced at equidistant intervals, ex- 
erting pressure upon said fluid whereby said 
barrier is moved through the strata, and 
venting oil from the strata through a well in 
| pons eg ey prmee with the — as the 

ooding fluid encroaches upon the venting 
wall, said well batnispacad from the flooding 
‘wells at a distance not less than the distance 
between adjacent gon Sete 
1 The method of wo oil fields, con- . 
sisting in providing parallel 





sources 100 


¥ 


3 plying fcid preset the aia through 
15 two o 
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rows of oil wells, then applying fluid pres- 
See uk wall cacy, teres at six points 
about each well foam gnosis 
other and from the well IT emclosod 
& thereby, with each pressure point bei 
ire a spaced from said well an 
we Tbe method of work 
| e method of ye oil fields, con- 
: in drilling three wells to the oil bear- 
| 10 ing- eee Lory with ad between the 


panes Weis Dee ae where- 
by the wells be disposed ot oe engi 
a substantially equilateral triangle, 3 


the wells and ven fluid from 


the third 
sii PETER J. SPINDLER. 


J.A. 313 
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WILLIAM LOW RUSSELL, OF NEW HAVEN, CONNECTICUT. 
PROCESS OF AND APPARATUS FOR EXTRACTING OIL FROM OIL-BEARING STRATA. 
Application filed October 14, 198%. Serial Mo. 504,487. : 


Wauius Low Rus- 

8 citizen of the United States, residing 

at New Haven, in the county of New Haven 
and State of Connecticut, have invented a 
new and useful Improvement in Processes 
of and Apparatus for Extracting Oil from 
Oil-Bearing Strata; and I do hereby declare 
.the following, when taken in connection 
with the accompanying drawings and the 
characters of reference marked thereon, to 
_ be a full, clear, and exact description of the 
/ ‘game, and which said drawings constitute 
_ part of this application and represent, in— 
Fig. 1 a schematic, sectional view, showing 
one apparatus which may be employed for 


— out my invention. 
bubbles deprivi ine af ci bearie 2a 
+N epriving: of oil- san 
go of their films of Ai 
# My invention relates to an improved proc- 
% ess of and apparatus for extracting oil 
§ from oil-bearing strata of various kinds and 
cnarete of richness, whereby a considerable 
and paying percentage of the oil-content of 
sand, gravel, and the like, may 
be recovered, such, for instance, from oil 
1 ich the natural production, or 
pressure flow, has ceased; from such flelds 
after they have been subjected to flooding; 
and from oil fields which have been invaded 
with salt water. 
With these ends ag my mi con- 
sists in a process of subjecting oil-bearing 
whatever their character, to the in- 
filtration under pressure of a liquid carry- 
ing a gas, producing bubbles, which by rea- 
son of their capillary attraction for the oil, 
detach the same from the oil-bearing ma- 


My invention further consists in an appe- 
ratus peer, certain details as will be fur- 
ther i and pointed out in the 


any apparatus 
any ap 


but 
by 
may be 
to the infiltration of a gas-bearing 


which oil- 


are rr ree brett oe 
usu ; oO u 
end of the said pipe is provided with he 
indicating cup 8, which, however, will be 
omitted in case the weight of the column of 
water in the pipe 18 not sufficient to force it 
through the oil-bearing strata and artificial 
‘pressure must be snpplied by a pam or 
equivalent means. e lower en of the 
said pipe is furnished with a cone 9, posi- 
tioned in the bore 6 at a point just above the 
cooing age F cmocudang: 2 igeo 10, which 
may oil- sand, gravel, broken 
shale, or any other metedel | “i oil. 
The said cone is sealed in the lower end of 
the bore by means of a body 11 of concrete 
or cement introduced through the top of the 
bore, after the cone has been positioned 
therein directly over the oil-bearing stratum 
10, whereby the water introd through 
the pipe 5 into the bore, upon the oil-bearing 
stratum 10, is prevented from rising in the 
bore and fo to find another way out by 
infiltration through the oil-bearing stratum 
to a neighboring well or other outlet. I al- 
so introduce into the bore 6 4 gas feed-pipe 
12 enough longer than the water feed-pipe 
5 to extend downward through and below 
the stratum 10, and through: a ony shaped, 
perforated gas-distributor 13, positioned in 
that portion of the bore 6 carried downward 
through the oil-bearing stratum 10. 
For the protection of the gas-distributor 
13, I preferably employ a cup 14 located 
‘within the cone 9 and carried by an arm 15 
secured thereto, this cup being intended to 
catch any sediment which may find its way 
downward through the water feed-pipe 6, 
and which, if not intercepted, might clog 
the perforations in the distributor. 
carrying on my , water is sup- 
pled to the pipe 6 and air, or some other 
suitable gas, to the tube 12. The gas must 
be supplied to the tube 12 at a sufficient pres- 
sure to force it into the pore 5 to a point 
below the distributor 13 and, therefore, un- 
der s pressure sufficient to overcome the 
maton (precaure; mnsterer ‘tue may pe 2 
any given situation. A portion of the air 
will, under these circumstances, be absorbed 
by the water and carried along therewith, 
the oil-bearing stratum 10. As the 
curated with ai 





a 


10 
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air will reappear in it in the form of bub- 
bles 16 (Fig. 2), for which the thin films 
17 of oil on the grains 18 of sand will have 


greater ca attraction than the grains for the infiltration of the oul- 

of sand selves, The oil thus detached and the cup 8 is used, the bubbles rising 

from the 18 reforms iteelf as films therein will serve to advise the operator 5u 
when the amount of air supplied 1 the 


aoe the bubbles 16, and will be carried 
ong by them in the current of water flow- 
ing to a neighboring well or outlet. 

this manner, a paying percentage of 
the residual oil in pm gn wells may be 
recovered. Even after such non-flowing 
wells have been flooded with water for the 
recovery of the residual oil, my process may 
be effectively used for the recovery of the 
oil still remaining in the oil-bearing sand. 
When such non-fiowing wells are flooded for 


the removal of oil remaining in them, the | 
tendency of the water is to flow or percolate  { 


through the looser portions of the 

the more impervious portions thereof not 
being penetrated. However, under my proc- 
ess, the air bubbles will tend to block the 
interstices in the pervious stratum with the 


effect of forcing the water through the more | 


impervious portions thereof. My improved 
process may also be applied to —— 
to extracting oil from oil-bearing wi 
which have been flooded with salt water. 


I wish it clearly understood that I do not oi ing a 
water feed-pipe, a seal near the lower end 75 


limit myself to the particular means herein 
shown and described etl i nae m 

rocess, my invention broadly comprehend- 
as the subjection of oil-bearing strata, of 
whatever description, to the searching action 
of a gas-bearing current of liqui 
pressure. On account of its availability, 
water will be employed as the liquid, but, 
under some circumstances, other gas than air 
may be found more efficacious, such as car- 
bon dioxide. I also conceive that the gas. 
whatever its character, might be dissolved 
in the liquid prior to the introduction of 
either into the earth. 


under | 
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In case the 


pipe 12 is sufficient in amount to effect the 
saturation of the water being injected into 
the oil-bearing stratum. When, as alread 


scited, Giaehe wees ba dametad to to antl. 1 


as 
iW. 


! strata by the reciprocal attracti 
between 
latter to become attached in the form of a 


thereof, a feed-pipe, and a 

| ee located below -i a at ee lower end 
of the water pipe, and having the i 
iia hoe 


i 
In testimony Wiiceo? have signed this 80 


specification in the presence of two subscrib- 
ing witnesses. 
WILLIAM LOW RUSSELL, 
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UNITED STATES 


1,658,305 
PATENT OFFICE. 


WILLIAM L. RUSSELL, OF NEW HAVEN, CONNECTICUT. 


ART OF EXTRACTING 





NS FROM OIL-BEARING STRATA. 


Application filed June 8, 1923. Serial No. 644,257. 


In my previous application No. 594,427, 
filed Octo 14th, 1922, Patent No. 1,511,- 
067, issued October 7th, 1924, I claimed 
generically my improvement in the art of 
5 extracting h bons from oil b 
strata by means of water saturated with gas 
under pressure. ae . j 

My present application is a continuation 
in part of my former patent and covers cer- 
tain further improvements and lana- 
tions, ther with a new method of com- 
bining the water and the gas by alternately 
forcing each into the oil bearing strata. 

My dimcovery enables me to utilize a posi- 
tive force, to attract the residual oil and 

it to the venting well. ; 

I hee discovered a scientific law in re- 
gard to the action of liquid surfaces on 
oil, that such surfaees when brought in the 
form of bubbles into contact with oil attract 
such oil to its surface, and I have devised 
a method of applying my scientific discov- 
ery to the recovery of residual oil from oil- 
bearing strata. I both introduce these hq- 
uid gas surfaces in the form of bubbles into 
the o'1 bearing strata, and multiply them 
therein and ensure that such bubbles remain 
suspended in the flood throughout the strata 
so as to move with the fl into contact 
wtih the residual oil, picking up such oil 
and carrying it to the point of discharge. I 
moreover provide a continuous stream of 
such bubbles as the flood advances through 
the strata. : — 

I make no claim to the action of liquids 
or gases acting independently. My inven- 
tion is limited to their combined or supple- 
mental action on residual oil, and especially 
on the ability of liquid gas aces in the 
form of bubbles, resulting from the mixture 
of such liquid and ame, to dislodge, pick 
up and carry residual oil. My invention in- 
cludes my preeess of multiplying the forma- 
tion of such bubbles and introducing them 
throughout the length, breadth and depth 
of the strata, as well as in forming them 
artificially therein. 

Though previous attempts have been 
made to introduce fluids and gases into the 
strata, no operable means of combining them 
therein have been shown or suggested. 


There had been no suggestion of any com- 
bination or ot operation between a liquid 
and a gas.to dislodge the oil. In all pre- 
vious attempts the liquid and the gas have 
been designed to operate separately. Pres- 


sure or heat or both combined have been 
relied on to aid in dislodging the oil. The 
liquid has continued to act as a propelling 
aot to wash out and push along the oil, 
while the gas has continued to act as a pres- 
sure agent only on the oil in mixing with 
the gaseous product in the upper strata. 
Heretofore, pressure, natural or artificial, 
and capillarity have been the means to force 
oil from the oil bearing strata. The pres- 
sure causing oil to flow into wells, is com- 
monly known as rock pressure. This pres- 
sure is due in part to the gas absorbed in 
the oil, which exerts a constant pressure on 
the oil bearing strata. 
_ Whatever may be the true explanation of 
pressure, it is well established that the 
production of oil fields decreases with the 
decrease in rock pressure. Indeed, it is gen- 
erally accepted that many unproductive 
sands contain oil, but without the necessa 
rock pressure to force the oil into the we 
_ Various methods have been used in the en- 
deavor to keep up production and recover 
residual oil, after rock pressure has declined. 
Among these, the best known are the vacu- 
um, flooding and (Smith-Dunn) compressed 
air processes. These methods attempt to re- 
pre uce artificially the lost rock pressure. 
ey succeed only partially, and all have 
their limitations. While the removal of at- 
a oem pressure or the flooding of the 
sands by water or compressed gas does force 
out residual oil, the amount of oil thus re- 
covered is limited, and the processes are 
successful only under certain conditions. 
¥or example the use of the flooding proc- 
ess is limited to the finer grained sands of 
uniform porosity, such as those found in the 
Bradford Field. 

_In my invention, I combine the two agen- 
cles of water and gas in the manner herein- 
after set forth. By this combination, I ob- 
tain several advantages. I not only succeed 
in reproducing more nearly the natural con- 
ditions of rock pressure, but also am enabled, 
by my invention to produce artificially con- 
ditions in the sand enabling the forces of 
capillarity, adhesion and surface tension to 
be utilized to hold and recover the residual 
oil. I utilize an agent produced artificially 
to pick up and carry the oil to the venting 
oréll and thus am able to recover my 
method of combining the water an ges 
more residual oil than would be le -- 
with the use of all the other 
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In flooding, a solid body of water is forced 
through the sand .from the intaking well. 
Obviously that porticn of the residual oil 
which blocks the path through the interstices 
of the sand is dizaleced by being pushed 
bodily before the advancing flood. In fine 
sands having an effective size less than 0.1 
mm., capillarity drives the residual oil from 
the surfaces of the grains, and above the 
head of the water. This enables flooding to 
act successfully in fine and uniform sands. 
If however, the sand is coarse or highly va- 
ried in porosity and texture the flooding will 


not be successful. 
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In my method I similarly use the shoving 
force of the water together with the capillary 
force, but by saturating the water with gas 
under pressure, and by mixing gas and water 
I supplement these forces so as to enable 
flooding to be effective in the coarser and 
nonuniform sands. 

By thus saturating the. water before flood- 
ing, I distribute throughout its mass the la- 
tent force of gas which later becomes active 


3 as the pressure diminishes, when the flood is 


forced through the sand away from the in- 
take well. us by causing gas to be liber- 
ated from the water, as the pressure dimin- 
ishes, I reproduce artificially more exactly 
natural conditions. I thus am enabled to use 
my method to advantage on any sand which 
once produced oil. 

One reason why my method can be used 
where the ordinary flooding methcds are in- 
applicable, seems explainable as follows: 

Water will extract but little oil from 
coarse sands because capillarity does not act 
when sands are flooded. The water tends to 
travel through the coarse or porous strata, 
leaving the oil in the remaining strata un- 
disturbed. In my method the bubbles which 
form in-the coarser sands block up the in- 
terstices, serving as a temporary dam so to 
speak checking the flood in that strata and 
causing the water to flow through the re- 
mainder of the strata even though the sand 
in that strata be finer in texture. Moreover 
the attraction of the bubbles for oil causes 
part of the oil that remains adhering to the 
sand grain to leave the sand grain and ad- 
here to the bubbles. This extraction of the 
residual oil by the bubbles takes place in 
the coarse as well as the fine grained sands. 

It is seen that my discovery applies the 
well known principle that the adhesive force 
of oil to a watergas surface is greater than 
the surface tension of the oil. Thus when 
oil rises to the surface of the water, the sur- 
face tension is not able to longer hold it in 
its globular form, so the oil spreads out over 
a wide surface of water. 

Oil similarly adheres and spreads when 
brought into contact with other water gas 
surfaces 80 that such surfaces are said to pos- 
sess the qualitv of attracting oil, even tho 
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this power to attract oil is limited to a very 
thin film. : 

In order therefore, to enable the water 
gas surface to have a sufficient quantity of 
oil adhering to it to be of any value com- 
mercially, means must be found to increase 
it so that the oil adhering to the surface, 
however minute per unit area, may bulk in 
the aggregate considerable volume. 

This is one reason it has not heretofore 
been possible to utilize cominercially this 
Siig of water gas surfaces to attract oil. I 

ave finally succeeded in solving the prob- 
lem by means of a process of multiplying in- 
definitely the areas of the water gas surfaces, 
so that they become carriers of sufficient oil, 
to be of value commercially. 

I increase the water gas surfaces by im- 
pregnating the water used for flooding from 
top to bottom with myriads of small water 
gas surfaces in the form of bubbles, each 
bubble capable of causing a film of oil to ad- 
here to its surface. As the water so impreg- 
nated is forced through the sand, each bu 
ble, coming into contact with residual oil 
which had previously failed to be dislodged 
from the grains cf sand, draws this oil to its 
water gas surface, covering the bubble with 
a film of oil. In some such way the bubbles 
serve as carriers, picking up the oil which 
the other processes failed to dislodge, and 
which could not be otherwise recovered. 
Though the amount of oil that any one bub- 
ble can carry is limited to a very thin film, 
fresh bubbles carried along by the current of 
water are continually being brought into con- 
tact with the residual oil to attract some of 
it to its surface. No matter how small the 
amount of oil each individual bubble may 
carry, if a succession of such bubbles be 
brought into contact with the oil, the amount 
of oil so carried may! be in the aggregate 
considerable. Throughout this application 
“sand” is used in a similar sense to “oil bear- 
ing strata”; and “bubbles” include all water 
gas surfaces however la 

However erroneous the theory above set 
forth may be, my experiments prove conclu- 
sively that these bubbles do serve effectively 
as carriers of oil, and enables residual oil to 
be remcved from the oil bearing strata. 

While obviously the superiority of m 
method can be best proven on a sand mich 
has “watered out” or a well gone dry. my in- 
vention is not limited to use only after flood- 
ing or compressed air. | It can be used on any 
and all wells of small production to increase 
their output and as a substitute to other 
methods. It can also be introduced at any 
stage to sub peepent or reinforce flooding or 
to increase the flow. 

In applying my method the resistance the 
sand offers to the introduction of bubbles 
prose 2 difficulty at the very outset, since 

ubbles cannot be forced into the oil sand. 
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No matter how great the pressure, the bub- 
bles will rise to the surface of the water in 
the well instead of entering the sand. In 
my previous application #594,427, I over- 
came this difliculty by causing the bubbles to 
form after the water had been introduced 
into the sands. In other words, I introduced 
sufficient pressure to cause the gas to be ab- 
sorbed in the water. . 

In my present application, I overcome the 
difficulty by forcing water and gas alternate- 
ly into the sand. so as to effect the mixture 
of the two in the sand itself. us, these 
water gas surfaces or bubbles are diffused 
from top to bottom of the sand. 

By my method of alternately forcing a 
liquid and a gas into the strata, under much 
higher pressure than the prevailing rock 
presrurs of the strata, I am able to vary 

@ proportion as well as the frequency of 
the alternation, thus expediting the mixing 
of the liquid and the gas within the strata, 
and increasing the amount of water-gas sur- 
faces as desired. One of the advantages of 
this method is that the liquid and gas can 
be quickly and thoroughly mixed in the de- 

i  eopeswons within the strata, so that 
the desired quantity of bubbles can be 
formed at the pressure point. The amount 
of pressure, the alternation of the liquid 
and and the relative proportions of each 
would be regulated so that from the inlet to 
the outlet a mass of liquid ‘surfaces in 
the form of bubbles would permeate the 
length, breadth and depth of the strata. 
Moreover, not only would there be a con- 
tinuous stream of fresh bubbles due to the 
decreasing pressure, but the original bub- 
bles in their progress through the strata 
would increase in size and break up into 
smaller bubbles. Thus a continuous forma- 
tion of new liquid gas aces is ensured. 

Were it not a fallacy that bubbles always 
rise to the surface, they could not be uti- 


lized as carriers of oil. It has been found f 


my repeated experiments that bubbles 
when suspended in water in the sand, do not 
rise but are carried along horizontally with 
the current of water. The reascn these bub- 
bles do not rise in the sand strata as they do 
in water is probably because they are pre- 
vented by their surface tension. e resist- 
ance their surface tension offers to their 
movement is greater than the buoyancy of 
the bubbles and thus keeps them suspended 
in the water and causes them to be forced 
along horizontally with the flood. 
Obviously the mechanical means by which 


water and gas can be forced into the oil 


sands are various. 

As in my na cep 594,427, I insert 
a packer above the oil sand and run through 
the packer two pipes, one ending just above 
the sand and the other just below the sand. 
In my former application the upper pipe 
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contained water under pressure and the 
lower pipe air under pressure and thus 
water was,saturated with the air or al 
the bottom cf the well before being forced 
into the sand. 

In the present application the water and 
gus or alr are separately forced into the 
sand after which the water and gas so 
forced mix. As the water is forced through 


the sand, it carries with it the bubbles 7 


formed by the gas and water mixing, and 
in addition the new bubbles continually be- 
ing rele from the gas saturated water as 
the pressure diminishes. Thus the bubbles 
are uniformly diffused from top to bottom 
of the sand. 

I force the gas and water separately into 
the oil sand by inserting the packer in the 
well above the oil sand with a pipe passin 
through the packer to the bottom of the we 
below the ogee sand and a second pipe 
also passing & ugh the packer but ending 
higher up above the sand. This ar- 
eee is similar to that in my former 
application. In my present invention how- 
ever, the lower pipe is the water feed pipe 
and the upper pipe is the gas feed pipe, 
which is the reverse of my former applica- 
tion. Thus by increasing the pressure in the 
gas feed pipe or decreasing it in the water 
eed pipe or doing both simultaneously the 
exposed oil sand.i1s cleared of water. The 
exposed oil sand is thus freed of water while 
air is forced into it. In the same way by 
increasing the pressure in the water feed 
pipe or decreasing it in the gas feed pi 
or doing both simultaneously, the water line 
is raised until it covers the oil sand 


when water in is forced into the sand. 
By repeating this process water and gas are 
alternately forced into the sand. the 


layers of water and gas are forced into the 
sand they intermix owing to their subdivi- 
sion among the branching pores and bubbles 


orm. 

To illustrate my invention Fig. 1, is an 
elevation in section through an oil well. 
Fig. 2, is an alternative form. Fig. 3, is a 
detail portion of an oil sand showing the 
grains and bubbles enlarged. 

In Fig. 1, the packer or plug, 1, is in- 
serted above the oil sand 2. e water feed 
pipe 3 extends through the packer ending be- 

ow the oil sand at the bottom of the well. 
It has an enlarged lower portion 4 which 
serves as an air chamber or reservoir. The 
upier end of the water feed pipe is pref- 
erably connected with a water pump, or tank. 
The air feed: pipe 5 passes through the 
packer and ends above the oil sand. Its up- 
per end is connected with an air compressor. 

A the bottom of the well be- 
low the packer through the water feed Pipe, 
the water ‘is forced into the sand for the de- 
sired time. Then the exposed oil sand is 


on 


'1% the water so as to lower the water 


40 


3 


‘ out changing the pressure. 


4. 


freed of water, and exposed to air under 
pressure for the desired time. : 

By decreasing the pressure in one pipe as 
the other is increased, the change from wa- 
ter to air or air to water can be effected with- 
out appreciable change of pressure. 

Fig. 2, illustrates an apparatus for rais- 
ing and lowering the water level in the bot- 
tom of the well by mechanical pressure with- 

is accom- 
plished by means of introducing a weight or 
plunger 6 into the bottom of the well. By 
means of the cable 7 running through the 
pipe 8 this weight may be raised up out of 

evel be- 
low the oil sand. The bottom of the well 
must need to be a few feet below the bottom 
of the oil sand and the plug 1 must be placed 
a few feet above the top of the sand, in order 
to enable the weight to be hauled up above 
the sand. The weight is made of as large 
diameter as the size of the casing will permit 
9 = the better to raise und lower the water 

eve 

Thus the exposed oil sands may be left 
either under presssure or flooded with 
water under pressure for the desired length 
of time. By continuing the process water 
and gas in the desired proportions are alter- 
nately forced into the sand. These quickly 
mix in the sand owing to the subdivisions 
among the branching pores. The gas not ab- 
sorbed in the water will remain suspended 
in the flood in the form of bubbles, then, as 


5 @ pressure at the intake well continues to 


force the flood through the sand, the pres- 
sure of the advancing flood will continually 
diminish with the distance from the intake 
wells. As the pressure diminishes additional 
bubbles are continually forming and being 
carried along through the oil sands by the 
flood. The quantity and size of these bub- 
bles is controlled by the pressure and the 
length of time which the gas and the water 
will remain in contact with the exposed oil 
sands. Thus the gas and water may be 
mixed in the pre partiats desired. 

In Fig. 3, the dark larger circles 2’ 1epre- 
cent the enlarged grains of sand. The light- 
er smaller circles-1’, represent bubbles partly 
filling the interstices between the grains. 
These bubbles as they are carried along by 
the current of water come in contact wit 
the grains of sand and the residual oil and 
some of the oil adheres to each bubble which 
thus acts as a carrier for the oil. 

I have used the term gas as meaning not 
only natural gas but carbon dioxide or any 
other gaseous material, as well as air. Un- 
der the usual pressure, as the water enters 
the sand approximately one-half volume of 
air or one volume of natural gas would be 


absorbed by one volume of water. 
Obviously the bubble method can be ad- 
vantageously employed in a single well by 
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forcing the gas saturated water into the oil 
sand under pressure at the well, and then re- 
moving the pressure, so as to permit the wa- 
ter to flow back into the well. On relieving 
the ppg. the liberated gas will be sus- 
pended in the water in the form of bubbles 
which pick up the oil as they are carried 
back into the well by the inflowing current 
of the water. 

I do not claim that I can extract all the 
residual oil. Indeed, I believe this to be 
impossible on a commercial scale. I do 
claim that my process enables residual oil 
to be recovered from sands after every other 
proces has been tried and all oil possible 

y their use extracted. It is estimated that 
only about one fifth of the oil in an oil sand 
is recoverable usually by the natural rock 
pressure. The flooding or Smith-Dunn 
process recovers a certain percentage more 
of this oil. My repeated experiment shows 
that my bubble method recovers ten or 
twenty per cent more than all the other 
inethods combined. 

In short, my bubble method enables me 
to overcome the limitation’ surrounding the 
usual flooding method. By combining gas 
and water I obtain by my bubble process 
more than the advantages of both the com- 
pressed air and the flooding methods, push- 
ing ahead the residual oil in the same man- 
ner as is accomplished by these methods 
separately. But for the reasons already ex- 
plained my methods can be used where these 
methods cannot. The bubbles suspended in 
the flood attract oil to the surfaces and thus 
cause the bubbles to act as carriers for re- 
sidual oil that would not; otherwise be re- 
cove ! 

I claim: : 

1. A process of- extracting oil from oil 
bearing strata by repeatedly and successive- 
ly subjecting the exposed oil bearing strata 
in a well to water and gas under pressure, 
so as to alternately force water and gas into 
and through the oil being strata in pre- 
determined quantities, finally collecting the 
water and oil at the point of discharge. 

2. A process of extracting residual oil 
from oil bearing strata by means of sealing 
an intake well above the exposed oil bearing 
strata and alternately and repeatedly pum 
ing water and air under pressure into the 
intake well below the seal. ¢o as to repeatedly 
cover and uncover the exposed oil bearing 
strata and thus cause water and gas succes- 
sively to enter the oil bearing strata #nd 
finally force the water, gas and recovered oil 
to the venting well. 

8. A process of extracting ‘residual oil 
from oil bearing strata by sealing a well 
above the exposed oil bearing strata, then 
forcing water into the bottom of the well 


below the seal under poeepare, then forcing. 


air into the bottom of the and continy- 
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ing to thus force water in and out of the 
bottom of the well alternately and repeated- 
ly covering the exposed portion of the oil 
bearing strata with water and with air 
whereby water and air may be forced in pre- 
determined amounts successively and re- 
peatedly into the oil bearing strata continu- 
ing the pressure so as to force the water, air 
and recovered oil to the venting well. 

4, The process of extracting oil from oil 
bearing strata consisting in supersaturating 
the flood with gas, by alternately forcing 
into the oil bearing strata a liquid and a gas 
under high pressure, thus forming bubbles 
artificially throughout the flood to _ u 
and carry the residual oil, and finally col- 
lecting the liquid and recovered oil at the 
point of least pressure. 

5. The process of recovering residual oil 
from oil-bearing strata consisting in subject- 
ing the oi]-bearing strata to a flood of liquid 
and gas introduced alternately and repeat- 
edly into the strata, whereby the strata is 
subjected to the searching action of both 


25 liquid and gas. 


6. Apparatus for use in wells for forcing 
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water and gas under pressure into strata 
consisting of a seal above the strata, a sum 
below the strata, a water feed pipe extend- 
ing through the seal to below the strata, a 
gas feed pipe, extending through the seal to 
above the strata, a solid body, movably sus- 
pended in the well below the seal, ha 

a cable attached thereto, extending 

the seal to the top of the well. . 

7. An apyaresus for recovering residual 
oil from oil bearing strata consi of a 
seal above the strata, means of introducing 
through the seal water and gas under pres- 
sure Into the well below the seal, a aue 
below the oil bearing strata, a movable soli 
body below the seal, and means of lowerin, 
and raising the solid body into and out o 
the sump, whereby the surface of the water 
in the sump may be raised and lowered to 
repeatedly cover and uncover the oil bearing 
strata, whereby water and gas may be suc- 
cessively and repeatedly forced into the oil 
bearing strata in predetermined quantities. 

In testimony whereof I affix my signature, 


WILLIAM L. RUSSELL. 
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Apparatus for and Methods of Recovering 


Oil and Gas, of which the following is a 

specification, reference being had to the ac- 

companying drawings, forming a part 
10 hereof. 


This invention relates to an improved 
method of and apparatus for recovering oil 
and gas from the earth and will be found 
especially useful in connection with such re- 
covery where the lene is to be removed 
from the recov products. In sng 
oil and gas from oil bearing strata, in fiel 
where a natural flow is not found, it becomes 
necessary to introduce a pressure medium 
into the sands for the purpose of ee 
the oil and gas therein to the venting w 
It has been proposed to employ either air or 
natural as the pressure medium, but 
these media are not satisfactory, either be- 
cause the expense is prohibitive as in the case 
of natural or because an explosive mix- 
ture with the recovered vapor is formed as 
in the case of air, thereby making this me- 
dium unsafe. By the proposed method there 
is introduced into the oil bearing stratum a 
deoxidized gas, which has no market value 
and which, being without free oxygen, may 
safely be mixed with the hydrocarbons re- 
covered without forming therewith an explo- 
sive mixture. 

Another phase of the invention is con- 
cerned with the association with such a de- 
oxidized gas of a liquid, such as water, which 
may be heated, so that these two media of 
different densities, enter the oil bearing sand 
together, the water, under pressure, serving 
to agitate the liquid hydrocarbons, while the 
deoxidized gas passes along the surface of 
the liquid hydrocarbon, evaporates and picks 
up the volatilized gases therefrom. In the 
development of this improved method of 
agitating and forcing the hydrocarbon prod- 
ucts to the venting well, it is further pro- 
posed to heat the water so that the de- 
oxidized gas, when introduced under pres- 
sure, has the heat required for its expan- 
sion furnished by the water, thereLy pre- 
venting the undue chilling of the hydrocar- 
bon products to be recovered. The condi- 
55 tions described approximate most nearly of 
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all known methods those required for the 
most rapid and complete recovery and voka- 


tilization of oil an 3, as appear in 
greater detail hereinafter. 
The accompanying drawings shew appa- 60 


ratus for the practice of the improved 
method in connection with the removal of 
gasolene from the recovered products. In 
the drawings— | 

Fi 1 shows somewhat schematically 
complete apparatus associated, respectively, 
with pressure and venting wells for the re- 
covery of oil and gas from the oil i 
stratum shown and for ‘removing the 
lene from the recovered volatilized peadncts 
by the absorption method. 

i erally to Fig. 1, 


Fig. 2 is a view similar 
but indicating the removal of lene from 
the recovered volatilized predicts by the 
refrigeration method. — 

While, as indicated hereinbefore, the gen- 
eral object of the invention is to improve 
known methods for recovering oil and gas 
and is concerned particularly with such 
methods where the gasoléne is to be removed 
from the recovered volatilized products, it 
is to be understood that although some of 
the steps of the method may be used to ad- 
vantage without the other steps, the appa- 
ratus illustrated has been made as complete 
as possible to indicate permissible variations 
in the practice of the method. The inven- 
tion is not to be limited to the precise ap- 
paratus disclosed since equivalent elements 
may be employed and sinee, as will appear 
later, some of the elements may be omitted 
without departing from the spirit of the in- 
vention. The two drawings have been made 
up with a view to illustrating generally the 
practice of the improved method under dif- 
ferent conditions, in one of which the gaso- 
lene is to be removed by what is known in 
the art as the absorption method, while in 
the other of which the gasolene is removed 
by the refrigeration method. The particular 
apparatus for practising these methods, it 
a be ae may also yart og 
wide ranges. In removing gasolene, how- 
ever, it is well known that results are 
obtained only where the recovered volatil- 
ized products are compressed to a high de- 
gree. If the mixture thus compressed be 
arp hip it will be per io that the heat 
of the com or other parts may result 
in an expidaion, and great damage has often 120 


80 


90 


105 








P's Ex. 21 


@ J.A. 326 


resulted therefrom. It is for this reason | 
that objection is made in the art to the use , 
of air as a pressure medium for recovering - 


oil and gas from the strata since sir mix 


with the vapors is apt to form therewith a . 
highly explosive mixture, and this mixture | 


when compressed for the recovery of gaso- 
lene, may be exploded as described. An- 
other pressure medium which has been sug: 
gested to the art is natural gas. While suc 

a medium satisfies the requirements of safety 
under compression when associated with the 
recovered volatilized products, a large part 
of it is lost by absorption in the oil and its 
» cost is prohibitive as a commercial propo- 
sition. The present problem, then, in view 
of the conditions briefly discussed, is to pro- 
vide a suitable pressure medium which shall 


have no commercial value and which may be | 


combined with the recovered products with 
absolute safety and the resulting mixture 
be compressed as required. Further, it is 
necessary that this medium for the best re- 
sults shall be nonabsorbable by the recovered 
hydrocarbons and shall not, of itself, be 
affected physically or chemically during the 
treatment for the removal of the gasolene. 
The improved method in one aspect con- 
sists in the recovery of oil and gas from 
sand strata by the introduction of a deoxi- 
dized, nonabsorbable gas, and such gas avail- 


to be the waste products of combustion of 
the great number of internal combustion 
engines used in such fields. In practising 
the improved method, then, such waste prod- 
ucts of combustion from which the free 
oxygen has been removed, as will be under- 
, are collected in a reservoir and thence 
distributed to the pressure wells and intro- 
duced into the oil stratum either by direct 
connection between the reservoir and the 
pressure wells or through the interposition 
of a force pump. These waste products of 
combustion have no commercial value and 
have been found to be the most desirable 
medium available for the recovery of oil 
and since, having no free oxygen, they 
may be combined with the oil and gas with- 
out forming an explosive mixture and this 
mixture may be compressed to any point 
during the removal of the gasolene without 
danger of explosion. Further such products 
of combustion are nonabsorbable by the re- 
covered hydorcarbons and are not changed 
physically or chemically during the removal 
of gasolene so that they may themselves be 
recovered and used again and again. 
Referring to the schematic layout of Fig. 
1, it may be supposed that the products of 
combustion from the internal combustion 


engines employed in an oil field are col-~ 


lected in a suitable reservoir @ from which 
they may be led either directly through a 


65 pipe a’ or through a compressor a? by pipes 


the stratum and in the absor 
the tank g, so that it finally escapes through 


itself is 
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a’, a to a pressure well } having a gas- 
tight head 6’. The products of combustion 
are introduced through this pressure well 
to the oil bearing stratum c and force the 
oil therein to some extent, but more particu- 
larly the volatile gas formed by evaporation 
above the oil, to the venting well d from 
which the pressure medium with the recov- 


ered vapors may be withdrawn by a gas 


é. Where, as is contemplated, the 


hee ; 

| gasolene is to be removed from the re- 
_ covered 
method, 


a by the first proposed 
e gasolene is absorbed from the 
recovered mixture. A plant for removing 


this gasolene by the absorption method is 


indicated as comprising a compressor 7: to 


which the mixture is delivered from the 


pump ¢ and well d and a tank g to which 
the mixture is delivered under high pressure 
from the compressor. This tank is filled 
with a heavy oil and this oil absorbs from 
the mixture introduced into the tank under 
pressure all of the hydrocarbon products for- 


which it has an affinity. The pressure me- 


dium comprising the products of combus- 
tion is nonabsorbable in the hydrocarbon of 
t placed in 


& pipe g° and may be led back to the tank 
@ for further use. The recovered products 


may be withdrawn from the bottom of the 
able commercially in oil fields has been found | tari 


through a vent g?. During the process 
noted, the danger usually encounte 
at the compressor f 


is met 
where the recovered 


hydrocarbon products are compressed to a 100 


pressure and the compressor 
eated to a very high temperature. 
Where the mixture thus compressed is ex- 
losive, the danger is very great and it is 
or this reason that the use of air as a 
pressure medium is very objectionable. The 
waste products of combustion derived from 


v high 


the tank a have had the free oxygen removed 


therefrom so that this gas is most desirable 
as a pressure medium since it does not form 
an explosive mixture with the recovered 
products and the mixture may safely be 
compressed to any degree. 

_ A further phase of the improved method 
which is clearly indicated in Fig. 1 has to 
do with the introduction in the well head 3’ 
of water from a pump / through a pipe h’ 
introduced into the mouth of the well in 
such relation thereto as to have an injector 
action during the introduction of the water. 
This water will pick up the products of 
combustion entering the well head 0’ . 
through the pipe a’, whether those products 
be under pressure or not and during the drop 
of the water through the well 3 with the 
gas, the will be highly compressed and 
so available for work in the oil bearing 
stratum as a pressure medium. When the 
water and gas enter the pressure medium, 


the water being of greater density, will enter 130 
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the oil and agitate it thoroughly, while the 
gas itself, being of lesser density, will flow 
along the top of the oil and pick up the 
volatilized vapors. The violent agitation 
given the oil by the water will tend to facili- 
tate evaporation, while the flow of the cur- 
rent of gas along the surface will further 
accelerate this evaporation. 

A further feature of the invention con- 
templates the heating of the water intro- 
duced from the pump / so that when the 
water in intimate contact with the com- 
pressed gas reaches the bottom of the well 
where the pes expands, the heat required 
by the gas for expansion is provided for by 
the heat carried by the water. In this way, 
the chilling effect of the expanding gas on 
the oil and gas in the sand ¢ is eliminated 
and the oil and gas‘at least have their nor- 
mal temperatures maintained so that evapo- 
ration is not retarded by the described chill- 
ing. action usually encountered. 

rom the description given, it will be evi- 
dent that the most desirable physical condi- 
tions for evaporation of the oil and gas are 
created by the improved method. The chill- 
ing of the expanding gas is neutralized 
by the heated water, the oil is agitated vio- 
lently by the introduction of water into the 
body of the oil and the gas introduced si- 
multaneously with the water passes in a con- 
stant current along the surface of the oil, 
assists in the evaporation during the agita- 
tion by the water and picks up all of the 
volatile pe to be found in pockets, crev- 
ices or the like. 

The desirable conditions described in con- 
nection with the apparatus shown in Fig. 1 
are all maintained in the embodiment of 
Fig. 2, the different apparatus shown in 
this figure for the purpose of removing the 
gasolene merely emphasizing the availabil- 
ity of the present method for any conditions. 
In Fig. 2, apparatus is shown convention- 
ally for removing gasolene by the refrig- 
eration method. All of the elements and 
conditions described in connection with 
Fig. 1 may be employed in connection with 
the refrigerating apparatus of Fig. 2. The 
recovered products pass from the ventin 
well d, in part, through the gas pump ¢ an 
from thence to the compressor f in much 
the manner descri and are compressed 
by the compressor f to a very high point 
and then forced through the refrigerating 

lant G for the condensation of the gasolene 
in a way which is known in the art and with 


the details of which the present invention is mixt 


not concerned. : 

As noted above, the modified apparatus 
shown in Fig. 2 merely emphasizes the avail- 
ability of the improved method for use un- 
der any conditions and particularly the im- 
portance of the association of a deoxidized 


65 gas with the recovered products, so that the 
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resulting mixture will be non-explosive and 
may be compressed to any”’point . without 


ger. 

I claim as my invention: 

1, The method of recovering oil and gas 
which consists in introducing into the oil 
bearing stratum under pressure a heated, de- 
oxidized to mix with the. hydrocarbon 
vapor in the oil bearing stratum, and finally 
recovering the hydrocarbon from the mix- 


ture. 

2. The method of recovering oil and gas 
which consists in introducing into the oil 
bearing stratum under pressure a heated 
nonabsorbable deoxidized gas to mix with 
the hydrocarbon vapor in the oil bearing 
stratum, compressing the recovered mix- 
ture to a high pressure and recovering the 
hydrocarbon. 

8. The method of recovering oil and gas 
which consists in introducing into the oil 
bearing stratum a gas under pressure and 
introducing simultaneously with the gas a 
liquid under Spar 

4. The method of-recovering oil and gas 
which consists in introducing into the oil 

ring stratum a gas under pressure and 
introducing simultaneously with the gas a 
heated liquid under pressure. 

5. The method of recovering oil and gas 
which consists in intreducing into the pres- 
sure well a liquid under pressure and at the 
same time introducing into the well a 
the liquid having an injector action on the 
gas and compressing it. : 

6. The method of recovering oil and gas 
which consists in introducing into the oil 
bearing stratum a deoxidized nonabsorb- 
able gas under p re and introducing 
simultaneously with the gas heated water 
under pressure. 

7. The method of recovering oil and gas 


which consists in introducing into the oil 


bearing stratum under pressure waste prod- 
ucts of combustion from internal combustion 
engines from which the oxygen has been 
burnt, to mix with the hydrocarbon vapor in 
the oil bearing stratum, compressing the 
mixture and recovering the hydrocarbon 
from the mixture. | 

8. Apparatus for recovering oil and gas 
comprising a source of deoxidized gas, a 
pump for forcing the gas into the pressure 
well under pressure, a compressor to receive 
the recovered mixture from the venting well 
and compress it to a high pressure and means 
to remove the gasolene from the compressed 


ure. 

9. Apparatus for recovering oil and 

contrasting a source of waste products of 
combustion, a pump for forcing the prod- 
ucts of combustion into the pressure well, a: 
gas-tight head on the pressure well, a wa- 
ter pump to force water into the well head in 
intimate association with the gas and im- 
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press on the gas an injector action, a com- of combustion to return the products of com- 
presse to receive the recovered mixture bustion from the absorbing tank after the 
m the venting well and compress it to a removal of the gasolene. 10 
high pressure, an absorbing to receive This specification signed this 16th day of 
& the compressed mixture and, remove the June, A. D. 1917. 
gasolene and a connection between the ab- 


sorbing tank and the source of the products _ FREDERICK SQUIRES. 
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Effect of Dissolved Gas upon the Viscosity and Surface 
Tension of Crude Oil 


‘By C. E. Brecner* anv J. P. Parxnurst,* BARTLESVILLE, Onna. 


In the course of the experimental and development work of Henry 
L. Doherty in an endeavor to obtain an increased yield of oil from oil- 
bearing sands, it was Mr. Doherty’s claim and contention that oil 
in an undisturbed pool was different in character and behavior than the 
same oil when raised to the surface of the earth, and that the gas dissolved 
in the oil caused a marked reduction in its viscosity and surface tension. 
Prior to 1924 no information to support this contention could be found 
in the literature or by a discussion of the subject with technical men in 
Government and private laboratories. So far as could be ascertained no 
experimental work had been carried on to indicate that Mr. Doherty’s 
claim was either right or wrong. All parties consulted agreed that 
the viscosity of the oil would be affected by gas dissolved therein to the 
extent that natural gasoline was present in the gas, but so far as could be 
determined any additional effect of the natural gas was unknown. 

Accordingly, it was necessary to devise equipment and carry on 
experiments which would either prove or disprove Mr. Doherty’s conten- 
tion or claim. Such apparatus was built under Mr. Doherty’s direction 
and experiments were carried on to determine definitely the viscosity and 
the surface tension of the crude oils which contain dissolved gases under 
different pressures. The results of the experimental work carried on have 
proved that the claim and contention of Mr. Doherty were correct in 
every particular, as will be seen from the discussion of the subject and 
the data contained in this paper. : 


Repuction oF Viscosity BY Dissotvep Gas 


At a pressure of 500 Ib., and a temperature of 70° F., it was found that 
8 natural gas such as is associated with the oil would reduce the viscosity 
about 50 per cent. when a given crude oil was saturated with the gas. 
Increasing the pressure another 500 Ib. could not be expected to reduce 
the viscosity the remaining 50 per cent. However, some reduction in 
viscosity would take place as indicated by the curves showing the relation 
between pressure and relative viscosity. Pressures of 1800 Ib. may exist 
at depths around 4100 ft. and at present a large amount of om is being 
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greduerd from much greater depths. Under such pressures sufficient gas 
snight dissolve in the oil to make the viscosity almost equal to that 
of kerosene. 

Viscosity is the most important physical quality of oil which retards 
its Gow through a pipe line or through the small irregular openings of 
Ge average ofl sand; therefore, if some method of producing oil can be 
devierd such that 2 major portion of the gas will remain in solution and 
the of retain its fluidity it is possible that the volume of oi] recovered 
from the sands can be greatly increased. 


Repucrion or Surrace TENSION 


The surface tension of crude oil is reduced by dissolved gas. The 
sesults of experiments with two different crude oils saturated with gas 
gf pressures from 400 to 500 Ib. indicate a reduction of approximately 
99 per cent. in the surface tension of the oils. 

Many of the small openings in an oil sand are of capillary size and hold 
a large percentage of the oil which is not recovered by present production 
methods. As the dissolved gas escapes from the oil the surface tension 
imereases and likewise the capillary force which holds the oil within the 
sand. We are not prepared to say that surface tension is the only factor 
that holds the 80 per cent. of the orginal oil in the sands. If, however, 
surface tension should be the only force and if by keeping the gas in solu- 
tiem the surface tension could be reduced by 20 per cent. then we might 
expect an 80 per cent. greater ultimate recovery from the sands. 

A great volume of oil must flow through the sands at a rapid rate and 
for some distance to account for the large production of some wells. The 
expulaive force of natural gas dissolved in and associated with the vil, 
the rock pressure, the reduction in viscosity due to increased earth 
temperatures and other factors do not alone offer an explanation of the 
large gusher wells. It is believed that the flow of oil through the sands in 
gach large volumes is only possible because of the reduced viscosity and 
surface tension of the oil resulting from the gas in solution. 

It is the purpose of this paper to give some of the results obtained from 
the experimental work on the solubility of gas in oil under preasure and 
the changes in the viscosity and surface tension of the oil. The authors 


wah to the many helpful suggestions offered by A. W. 
Ambrose and Robert G. Griswold. 


Meruop anp Apparatus ror Determininc Sovusiurry or Gasks IX 
Ors 


The apparatus used for determining the amount of gas dissolved in 
oil under pressure is shown in Fig. 1. It consisted essentially of a large 
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chamber A, and small chamber B, connected at each end as shown, The 
total void space in the apparatus was 45 cu. in. Chamber’ B had a 


capacity of 14 cu. in. when the valves at each end were closed 
method of operation was as follows: ' bi The 


Approximately 20 cu. in. of oil was placed in the apparatus and the gas pressure 
applied. The whole apparatus was then agitated to insure intimate contact between 
the oil and gas. As the gus absorbed, the pressure dropped until the oil was com- 
pletely saturated. When this point was reached, the entire apparatus was placed in a 
constant temperature bath for sufficient time to insure uniform temperature. During 
this period, it was agitated several times to further insure complete saturation. 
Chamber B was then completely filled with the gas-saturated oil and af ter closing the 





Fic. 1.—APPARATUS FOR DETERMINING SOLUBILITY OF GAS IN OIL UNDER PRESSURE. 


valves at tach end, it was disconnected from the balance of the apparatus, The gas 
was allowed to escape slowly and was measured by the displacement of water. The 
total volume of gas recovered was the amount that dissolved in 14 cu. in. of oil at the 
final pressure recorded before disconnecting chamber B. A slight error is here intro- 
duced for the volume of oil saturated with gas was a little greater than the volume of 
unsaturated oil. Thercfore the gas recovered from Chamber B was contained in some 
volume of oil slightly Icss than 14 cu. in. . | 


SoLuBILITY OF NATURAL Gas IN CrupDE OIL 


The amount of natural gas that will dissolve in crude oil depends 
upon both the character of the gas and the character of the oil, if other 
. conditions are constant. For example, a natural gas consisting mostly of 
methane is not as soluble as one in which some of the heavier hydro- 
carbons, such as ethane, are present. This is shown graphically by 
curves 1 and 2, Fig. 2. The same oil was used in each case but for curve 
1, showing the gas of greatest solubility, the gas contained only 52 per 





Del's EX, I-E 


J.A. 332 
| “e EFFECT OF DISSOLVED GAS UPON CRUDE OIL 


eent. methane, while in curve 2, the methane content of the gas was 
$2.5 per cent. ; 

All analyses of natural gas referred to in this paper were made by the 
combustion of the gas in an atmosphere of oxygen. The results, there- 
fore, do not represent the true amount of methane and ethanc present, 
‘but do show whether the light or heavy hydrocarbons tend to 
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Bad ? —Soaosturey OF VARIOUS GASES IN CRUDE OILS UNDER PRESSURE AT 70° F’. 


&. Natural gas No. 1 in Oklahoma crude oi!.—35.4° A. P. I. 
Carve 3. Natural gas No. 2 in Oklahoma crude oil.—35.4° A. P. I. 
Carve 3. Natural No. 1 in Oklahoma crude oil.—30.2° A. P. 1. 
Curve 4. Carbon dioxide in Oklahoma crude oil.—30.2° A. P. I. 
Curve &. Fie gna crude oil.—30.2° A. P. I. 
Curve 6. in 
Carve 7 
Curve 8. 


Air ms crude oil.—30.2° A. P. I. 
- Natural gas No. 2 in Oklahoma crude oi].—30.2° A. P. I. 
Natural gas No. 2 in Bradford crude oil.—44.3° A. P. I. 
ANALYSES OF GasEs 
No. No. 2 
Par Cent. Per Cent 
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For any given gas, the volume that will be dissolved depends upon the 
character of the crude oil, if other conditions are constant. The lighter 
gravity oils dissolve more gas than the heavier oils. This is illustrated by 
curves 1 and 2, Fig. 2. These curves show a difference in solubility 
of approximately 20 per cent. for the same gas in oils of 35.4 and 30.2° 
A. P. 1, respectively. As @ further example, curves 7 and 8 show a 
difference of approximately 33 per cent. in the solubility of the same 
gas in two different oils. 
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So.vuBitity oF OtHer Gases in Crups Ons | 


A few experiments were conducted to determine the solubility of 
gases such as carbon dioxide, hydrogen and air in crude oils. Carbon 
dioxide was found to be more soluble than natural gas, while hydrogen 
and air are only slightly soluble, the hydrogen being Jess soluble than the 
air. Curves 4, 5, 6 and 7 in Fig. 2, show the relation between the pres- 
sure and the volume of gas dissolved in the same crude oil for carbon 


dioxide, hydrogen, air and a dry natural gas, respectively. : 
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Fic. 3.—So.vusi.ity OF NATURAL GAS IN A CRUDE OIL AT DIFFERENT TEMPERATURES. 


For this particular oil the gas was found to be approximately four 
times as soluble as air, but only one-third as soluble as carbon dioxide. 
A similar ratio will probably apply to other crude oils. | 

Since the experiments referred to in this paper were completed, Dow! 
and Calkin have conducted a series of experiments to determine the solu- 
bility of a practically pure methane gas and of air in various crude and 
refined oils. The results of their work sustain those given in this paper. 


Rock PRESSURE AND VOLUME oF DISSOLVED Gas 


Rock pressures of 1000 Ib. per sq. in. or greater, are not uncommon in 
many oil fields, and at such pressures, the volume of gas dissolved in the 


2D. B. Dow and L. P. Culkin: Solubility and Effects of Natural Gas and Air in 
Crude Oil. Rpt. of Investigations, Bur. Mines, Ser. No. 2732 (Feb., 1926). 
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od should be st least twice as great as that obtained from the Inboratory ; 


: with pressures around 500 Ib. per sq. in. Table 1 has been 
- prepared to show the cubic fect of gas dissolved in a barrel of oil at pres- 


sures froma 300 to 1000 Ib. per aq. in. 
Tanz 1.—Cudic Feat of Gas Dissolved ina Barrel of Oil at Different Pressures . 
| Obiahoma Credo 30.2° A. P. I. Oblabome Crude 35.4° 
Gage Fensure Lb./8q, Is. PT. 





Pio. 4.—Souniuzrr OF NATURAL GAs De aw OxLamoma crups o1n (36.6° A. P. I.) 
AND 1% TTS RBPINED PRODUCTs aT 76° F. 
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will dissolve in the oil. For example, at a pressure of 400 Ib. and a tem- 
perature of 90° F., approximately 75 cu. ft. of gas was dissolved in 9 barrel 
of oil, whereas at a temperature of 110° F., 70 cu. ft. of gas was dissolved 
Sovusiiry or Gas in Crupe Ow 4np ITs Components 

Natural gas was dissolved in a crude oil and the various major prod- 
uets obtained from this oil, including gasoline, kerosene, gas oil and fuel 
oil. The curves showing the relation between pressure and volume of 
gas dissolved are reproduced in Fig. 4. Knowing what percentage of 
the crude oil each product represented and the volume of gas dissolved 





i i in any one 
original oil. It is also possible that the solubility of the gas in : 
of the products from the crude oi] may be changed by the presence of the 
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ether products, This experiment again demonstrates that natural gas 


Apparatus yor Deremminine Viscosity or CrubE OL 
Cowranine Dissotveo Gas 
The viscosity of crude oil is commonly determined by the Saybolt 
Gada. This apparatus, however, is not designed to measure 
vineosity under pressures other than atmospheric; therefore, to determine 
the viscosity of oils containing dissolved gas under pressure, it was neccs- 


we 2e 
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Vis. 6.—Discram sHOWING DECREASE IN VISCOSITY OF CRUDE OILS CONTAINING GASES 
DISSOLVED UNDER PRESSURE. 
Carve 1. Natural gas No. 1 in Oklahoma crude oil.—30.2° A. P. I. 
Curve 2. Natural gas No. 2 in Oklahoma crude oi!.—30.2° A. P. I. 
poled Sa gas No..2 in ma crude oil—35.4° A. P. I. 
Curve 8. Carbon dioxide in Oklahoma crude oil.—30.2° A. P. I. _ 
Ourve 6, Hydrogen in Oklahoma crude oil.—30.2° A. P. I. 


ANALYSES OF GasES 
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sary to construct a viscosimeter that would operate under high pressures. 
Fig. 5 shows the details of the pressure viscosimeter used. It was oper- 
ated in the following manner: 


A fined quantity of ofl was placed in the apparatus through valve F, then gas was 
inteodeced wader pressure through the same valve, and the apparatus agitated until 
the eff was completely saturated. The temperature was controlled by means of a 
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constant temperature bath in which the entire apparatus was placed. To obtain the 
viscosity the apparatus was inverted until the oil had drained into chamber A through 
tube B. It was then inverted and the oil in chamber A started to flow through capil- 
lary tube C' into the bottom chamber. The time required for the fluid level to rise 
from mark D on the lower gage glass to mark E on the upper glass was taken. This 
time can be converted into Saybolt seconds by means of a calibration curve giving the 
relation between the Saybolt time and the pressure-viscosimeter time. ! 

By means of tube B the pressure is equalized throughout the apparatus. This 
tube is much larger than the capillary tube C and thus permits the oil to flow readily 
into chamber A when the viscosimeter is inverted. Capillary tube C is K¢-in. 
diameter and 2 in. long, and is drilled through a solid piece of brass as shown in the 
detail sketch in Fig. 5. 


Errect oF Dissotvep Gas on Viscosity or CrupE OIL 


The viscosity of crude oil is greatly reduced when the oil contains 
gas in solution. The decrease in viscosity depends upon the amount of 
gas dissolved in the oil if other conditions are constant. An oil with high 
initial viscosity will show a greater relative decrease for a given amount 
of dissolved gas than one with a lower initial viscosity. : 

Fig. 6 shows the relation between pressure at which various oils 
were saturated with various gases and the percentage decrease in vis- 
cosity of the oil. The viscosity decreases with an increase in pressure 
because more gas is dissolved at the higher pressure. Curves 1 and 2 
are for the same oil but with a different gas in solution; the same is also 
true of curves 3 and 4. Under the identical conditions, the gas dissolved 
in the oils as shown by curves 1 and 4 is more soluble than the gas dis- 
solved in the oils for curves 2 and 3, and therefore at the same pressure 
produced a greater reduction in the viscosity of the oils. : 

Curves 2 and 3 indicate the reduction in viscosity that resulted when 
the same gas was dissolved in the different oils. The gas is more soluble 
in the oil for curve 3 than in the oil for curve 2, but the reduction in vis- 
cosity is less. The initial absolute viscosity of the oil for curve 2 is 
approximately 3}¢ times greater than that for the oil of curve 3. 

Curves 5 and 6 show the reduction in viscosity when carbon dioxide 
and hydrogen, respectively, are dissolved in thesameoil. Carbon dioxide 
is extremely soluble and therefore produced the greatest reduction in 
viscosity at a given pressure. : 

Effect of Dissolved Air | 

An effort was made to determine the effect of dissolved air upon 
the viscosity of an oil. The results were not consistent. In some tests 
the viscosity was slightly reduced and in others, increased: The increased 
viscosity may be due to oxidation of the oil when in contact with the air. 

Dow and Calkin? found that the viscosity of two oils with which they 
experimented was increased when containing air in solution ‘and in | one 

21), B. Dow and L. P. Calkin: Op. cit. 
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oll She vincosity was decreased. They attribute the increased viscosity 
$e the oxidizing effect of the air when in contact with the oil under high 
‘geeamee. it is of interest to note that the two oils showing an increased 
winsoaity hed an initial Seybolt viscosity of 550 and 577 sec. at 100° F., 
while the oil showing a decrease in viscosity had an initial viscosity of 
only 264 sec. ot 100° F. 


Velsume of Gas Dissolved vs. Percentage Viscosity Reduction 


The enrves in Fig. 7 show the relation between volume of gas dis- 
solved and percentage reduction in viscosity for different gases dissolved 
im the same of. For curves 1, 2 and 3, hydrogen, carbon dioxide and a 
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Fic. 7.—DisGmaM SHOWING RELATION BETWEEN VOLUME OF DISSOLVED GAS AND 
BOCERASE IN VISCOSITY OF CRUDE OIL (30.2° A. P. I. O1L; TEMPERATURE 70° F.). 


ANALYSES OF GASES 
Curve L Hydrogen. Fun Gaus Heb Clee 
-CGarve 3. Carbon dioxide. CH, 52.0 82.5 
Carve 3. Natural gas No. 2 2 | CN 39.0 5.5 
Curve 4. Natural gas No. 1 COssisc. 1.2 59 
NA Gc eslasinias sieeinic. aaa 0.4 0.3 
Residue.......... 7.4 5.8 


sateral gas consisting largely of methane, were dissolved in the oil. 
_ These curves nearly comeide. While there is not sufficient data on which 
to base a conclusion, they may indicate that equal volumes of compara- 
tively pure gases dissolved in an oil will cause equal reductions in vis- 
eosity if other conditions are constant. This assumption could not 
‘apply to gases such as oxygen which would probably cause an increase 
im visetsity due to oxidation. 

Curve 4 shows the viscosity reduction when a natural gas with a low- 
methane and s high-ethane content is dissolved in the same oil. For 
equal volumes of dissolved gas, the reduction in viscosity is less for the 
pure of simple gases. 
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EFFECT OF TEMPERATURE ON Viscosity oF OIL ConTaIning Disso.vep 
Gas | 


As the temperature increases, the viscosity of crude oil decreases and 
at higher temperatures less gas will be dissolved in the oil, if other condi- 
tions are constant. Jowever, the relative decrease in viscosity is approxi- 
mately the same for an equal volume of a given gas dissolved in the oil 
at different temperatures. This is illustrated by the curves in Fig. 8 
which show the relation between absolute viscosity and volume of oa 
dissolved at different temperatures. As a further illustration, Table 2 
has been prepared from the data shown by curves in Fig. 8, to show the 
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Fic. 8.—Viscosity OF CRUDE OIL CONTAINING VARIOUS AMOUNTS OF DISSOLVED Gas 
AT DIFFERENT TEMPERATURES. 


percentage reduction in viscosity when an equal volume of gas is dissolved 
in the same oil at different temperatures. | 


TaBLE 2.—Percentage Reduction in Viscosity for Equal Volumes of Gas 
Dissolved in the Same Oil at Different Temperatures — 


i i 7 | @ | 10 
, Percentage reduction in Viscosity 
Gas dissolved/bbl. oil, 40 cu. ft 16.4 | 18.1 | 17.9 


Gas dissolved. /bbl. 80 cu. ft 7 26.8 | 29.0 f 30.2 


RELATION BETWEEN VIscosITY AND FiLow OF OIL THROUGH SANDS 


Viscosity is the most important physical characteristic of crude oil 
which effects the rate of flow through a pipeline or the small irregular 
openings of a sand. The quantity of oil that will flow through such 
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openings is inversely proportional to the viscosity, other conditions 
remaining constant, while the pressure required to produce a given flow 
varies directly as the viscosity. 

A thin fluid of low viscosity such as kerosene will flow through the 
gands with little resistance compared to that of a viscous crude oil. 
But, if gas is dissolved in the oil the viscosity will be reduced and the oil 
will become thinner, approaching the consistency of kerosene as the 
volume of dissolved gas increases. It is estimated that the viscosity of 
the two oils used in the experiments would be reduced from 40 to 70 per 
| eent. when saturated with natural gas at a pressure of 1000 Ib. per sq. in. 
Under these conditions, the oil will be extremely thin and flow through the 
- gands with much less resistance. For example, if the viscosity of 
. the oil should be reduced 50 per cent. twice as much would flow through 
the sands if other conditions remain constant, or one-half of the pressure 
would be required to force an equal amount through the sand. 


10 . 
Gas Dissolved per Bol.of Oil, cu. ft. 
Fia. 9.—D1aGRaM SHOWING RELATION BETWEEN SURFACE TENSION OF CRUDE OIL AND 
VOLUME OF NATURAL GAS DISSOLVED UNDER PRESSURE AT 70° F. 


Curve 1. Oklahoma crude oil, 35.4° A. P. I. 
Curve 2. Oklahoma crude oil, 30.2° A. P. I. 


In gepeeal, no special effort is made by present production methods to 
produes ofl with a minimum amount of gas or to retain part of the gas in 
the sands under pressure such that it will remain in solution with the oil 
and thus reduce the viscosity and surface tension of the oil. If a larger 
percentage of oil is to be recovered from the sands more thought must 
ne ann ot Oe Leeigee timiobyed i andl ncn 
with 


Merson or Derrruinine Sunrace TENSION or CauDE Or CONTAINING 
Dissotvep Gas 


Surface tension measurements were made by the capillary-tube 
method in the following manner. The height to which an oil would rise 
in a capillary tube was determined. The oil was then saturated with 
gne under pressure and capillary rise obeerved. Similar determinations 
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were made with the oil saturated with various amounts of saa. The 
relative surface tension was determined by the height to which the oil 
would rise in the capillary tube. The absolute surface tension was 
determined by calibrating the capillary tube with a Kquid of known 
surface tension. | 



















H 
Errect oF Dissotvep Gas on THE SURFACE TENSION OF Crupe Or 


The surface tension of crude oil is reduced by digsolved gas. Fig. 9 
shows the relation between the volume of gus dissolved in two different 
oils and the surface tension in dynes per cm. ‘These curves are approxi- 
mately parallel. The difference appears to be caused by a variation 
in the initial surface tension. The relation between percentage reduction 
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Fia. 10.—DIAGRAM SHOWING DECREASE IN SURFACE TENSION OF CRUDE OILS 
CONTAINING NATURAL GAS DISSOLVED UNDER PRESSURE (COMPOSITE CURVE). 


in surface tension and the volume of dissolved gas for both oils is shown 
by the one curve in Fig. 10. This indicates that equal volumes of the 
same gas dissolved in each oi] caused the same relative decrease in sur- 
face tension. Insufficient information is available to justify drawing 
any such conclusion. | 


RELATION BETWEEN SuRFACE TENSION AND RECOVERABLE OIL 


A large percentage of oil which present production methods fail to 
remove from the sands is held by capillarity. As the gas dissolved 
in the oil escapes, the surface tension is increased and, likewise, the 
capillary force which is a measure of the surface tension. If this increase 
in surface tension could be prevented during the process of extracting oil 
from the sands, a greater volume of oil should be recovered. | 


DISCUSSION 


J. Re MceWinutams,* Tulsa, Okla. (written diseussion).— Those of you who are not 
acquainted with the meaning of the terms “critical velocity,” “viscous flow,” and 
“turbulent flow,” I would like to refer to Prof, L. C, Uren's book, “Petroleum Pro- 
duction Engineering,” Chap. 18, p. 545. 


* Petroleum engineer, Skelly Oil Co. 








Def's Ex, 1-E 
}.A. 342 


. 3 EFYECT OF DISSOLVED GAS UPON CRUDE OIL 


‘Ta the Oct. 7, 1926, insue of Oil end Gas Journal there appeared an article by 
William G. Heltsel entitled “Fluid Flow and Friction in Pipelines,” with the history 
ef experimental work described, mechanism of flow explained and friction loss formulas 
‘presented, This article supplies the experimental data to prove the statement that 
viscosity is an important factor in determining the friction loss in viscous flow and the 
‘density of the fluid is a negligible factor, but the reverse is true in the case of turbulent 

- fiow, density becomes the important factor in determining friction lows, and viscosity 
iss factor. 

question as to what effect the viscosity of the oil in an oil and gas reservoir 

thas om the quantity of oil recovered seems to resolve iteelf into whether the flow through 
the pores of the sand is viscous or turbulent. 

-., - Most oll and gus reservoirs contain gas in such quantities that it cannot all be in 
‘atlution with the oil at the existing reservoir pressure and therefore it must exist as 
free gas. The differential preasure between the reservoir pressure and the well 
pressure determines the velocity at which the oil and gas will flow. When one con- 
siders the minute sise and arrangement of the pores and the winding course which the 
ol and gas must follow to arrive at the well, it would seem impossible to avoid turbu- 
lent flow even if the differentia! preasure could be controlled. The free gas would. 
enly tend to aggravate the situation. There would probably come a time in the life’ 
ef am of and gas reservoir when viscous flow would predominate. However, the 
paservoir pressure would be approaching exhaustion and the greater portion of the 

| gas criginally dissolved in the oil under higher pressures would have been released. 
~ f the flow of ofl and gus through the pores of a reservoir is “turbulent flow” | 
during tht time that the greater part of the reservoir preasure is being relieved, it 
seems reasonable to believe that the same physical characteristics determine friction 
leas under this condition as they do through a pipe line. If density is the important 
factor to be considered in determining the friction lous in turbulent flow, it follows 
that the amount of gas which could be dissolved in a barrel of oil would not materially 

_ gidect the friction loss through the pore space. The density of a barrel of oil is changed 
weey Uittle by the weight of the maximum amount of gas that can be dissolved in it. 


eae L. Epwaxps, Houston, Texas.-—-The following briefly represents our 
: With present equipment we are now using in the field, 1000 Ib. is too much 
yremure. We have been putting gas back into the sands in Central Texas at. pres- 
eure that varied from 280 to 500 Ib., and we found at this pressure we lowered the 
viscosity of the oil. We applied a slight vacuum to this oil again and recovered a 
good bit of the gas that had dissolved into the oil. Of course, these are only rough 
field experiments. We are now installing three large-size compressors in one of our 
a a ia a a ed i 
¢ you, 


> J. RB Boman,* Houston, Tex. (written discussion).—I believe that the information 
@biained from thees experiments is of vital importance to the industry. Using these 
+ Gata os 0 basis we should be able to work out some further valuable data by experi- 

ments with Sowing wells. It would seem to me very important that tests should be 
- engried om ia the Mid-Continent to see what can be worked out. For instance, I 
;, would consider it entirely feasible to apply these data as-follows: We find from these 
. Seats thet a barrel of crade oil of 35° gravity will abeorb 236 cu. ft. of a certain character 
{at gon wader 1000 bb. pressure. We already know the number of cubic feet of gas 
_. Which i takes to flow s barrel of oil. ‘ By combining these two sets of information we 
-, eam astive at the minimum number of cubic feet of gas which should be allowed to be 


“© Diswetor of produstion department, Humble Oil & Refining Co. 








Def's Ex, LE 
JA. 343) 
‘DISCUSSION 65 


expelled from « flowing well which makes so many barrels of oil per day. Back 
pressure can then be applied to the well to the point where this determined number 
of cubic feet of gas is released per barrel produced. By watching this well over a 
period of months one should easily be able to tell whether or not the production curve 
garters experim Se | 

t would seem to me that these tests show very conclusively that in the application 
of the Smith-Dunn or related proceases the compressed gas should oettalsly be intro- 
duced into the pressure well, rather than compressed air, in order to secure the 
best results. 

In flowing wells which produce oil from very fine grained sands it would seem 
that the matter of reduction of surface tension is more important than reduction of 
viscosity. In the Gulf Coast we have very fine grained sands which require setting 
of strainer with openings as fine as 0.006in. It has always becn an interesting point of 
discussion in the Gulf Coast as to how such large volumes of oil could pass so quickly 
through these fine grained sands and give us the large daily production which comes 
from some of our gusher wells. 

It is also interesting to note that the gas produced with the oil in the Gulf 
has very little, if any, gasoline content. It secms to have a very high percentage of 
methane with a rather high fraction of H,8. It is produced with an oil which carrics 
very little, if any, gasoline content and this oil is relatively heavy. It would be very 
interesting to have the experiments of Beecher and Parkhurst carricd out on some of 
the Gulf Coast crudes to see how much of this particular character of gas could be 
absorbed by our heavy Gulf Coast oils. I am under the impression that results would 
be different from those obtained in Oklahoma, using light oils and gas containing s 
considerable portion of C;H.. | 

If these experiments showed that a barrel of this heavy oil would only dissolve 
@ fraction of the quantity of gas dissolved by the lighter grade oils, it would! be appar- 
ent that we would have to look clecwhere for means of recovering more barrele per 
acre, than by applying the conclusions arrived at in this article. 


J. O. Lewis, Tulsa, Okla.—I have known something of Mr. Becchcr’s experiments 
_ and have been very much interested in them. It seems to me that these are new facts 
. which we have not had before, nor Jong enough, to know just how to use or produce 
from them. When we consider our gas we have to consider it from two standpoints. 
Mr, Beocher has brought out the reduction in resistance to the movable oil by reason 
of the insolution of the gas,—that is, the gas in solution reduces the viscosity and the 
eapillarity and therefore decreases the resistance, and you have also to consider the 
motive efforts for bringing the oil out of the sand. 

If you grease an automobile and prepare it thoroughly for the road, you still have 
to put some gasoline in the tank before it will go. It is the same with your sand. 
Take all the force in the gas and hold  back-pressurc equal to the rock pressure in the 
gand, and you will not move the oil out of the sand; 80, you have also to supplement the 
foree you have by holding a high back-pressure through some force applied in the 
sand to force the oil out, or else you have to comprémise between the two effects 
of the gas. 

If a well has 1000 Ib. rock pressure and you hold 1000 Ib. pressure against it, you 
_ will conserve the maximum amount of benefits so far as the reduction of viscosity and 
eapillarity is concerned, but that is not going to get the oil out. To do that you must 
let the gas expand or have some reduction in pressure, 

_ Follow the experience we have had in the field, and it is not hard to analyse, as 
‘against these new factors. If you hold back-pressures at all times, some times it 
decreases the gas ratio and at other times it will increase it, and we know from expeni- 
ences in California that if you increase the flow of gas pressure against the oil you 
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fay rach spit wr intend of moving the ll you ge tof the mdi 


a ena an a eae he aa 
ef your gas in solution because it would appear off-hand that it is a measure of the 
relative efSciency of the gue in acting the two ways. I do not know whether that is a 
true measure or act, because it is complicated by the loas of the use of gas preasure in 
fiow lines to the surface. If you are lifting oil to the surface and do not maintain a 
cortain velocity in the well that will move the oil out, a possible separation of the gas 
takes place in the pipe; if you had a pump on the well you could operate with a much 
greater pressure against the well and, finally, it seems to me you would have to make 
@ compromises between the two factors. We have both to keep the car greased and 
keep gasoline in the tank. 


T. E Swroarr,* Les Angeles, Cal. (written discussion).—This paper presents data 


i r of exude 
ee 
the Bureaz of Mines was unable to carry on the necessary 
i ie pridtsina to heen, ‘tei, hal, tke We ce be do 
#0 well, aad the Empire Companies deserve the thanks of the industry for making 
public their findings. 

. Beveral of the findings by Beecher and Parkhurst warrant immediate consideration, 
because their results suggest certain operating methods that are possible of control. 
They siiow first that more so-called “wet” gas.will be dissolved by a certain oil at a 
given pressure, than “dry” gas or air, under the same conditions. Also, because of 

“wet” gas at a given charging pressure lowers the viscosity of a particular oil 
almost twice as much as “dry” gas and 10 tishen as much as hydrogen which, it appears, 


procem, knowing that air would be very much leas effective than gas and might even 
Seevenan ths vleualir af olf Girmeghontiation: 

The decision between wet and dry gas for the Marietta process can partly be deter- 
mined by operating costs. Assuming the cost of compression is the same for both, 
_ 3¢ is necemmary to add the net value of the gasoline in the wet gas when it is returned 

‘to the ofl sands, The following tabulation ecmpares the two methods of operating: 


* Production Engigeer, Shell Co. of Coliforaia. 
1 Bxpesitants in the Use of Back Preenare on Oi! Wells Tech. Peper 322, Bur. 
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| Wet Gas | Dry Gas 
Compression cost including fuel | $0.03 $0.03 Assumed for pur- 
per M. cu. ft. poses of illustra- 
tion 
Value of gas in the field per M.cu.| 0.10 0.10 Assumed for pur- 
ft. poses of illustra- 
tion 
Net value of gasoline in 1000 cu.| 0.20 Assumed, for pur- 
ft. of gas poses of illustra- 
a tion 
Total cost of introducing gas to} $0.33 $0.13 _ 
key well per M. cu. ft. 
Value of gas expected eventually | 0.30 0.30 


to be recovered, per M. cu. ft. 


"Cost or profit of operation per M.| 0.03 (Cost) | 0.17 (Profit) 
eu. ft. 





From daily operating standpoint, it appears much more profitable to introduce 
dry gas than wet gas. In fact, gasoline recovered from wet gas would pay compression 
charges four or five times over. As it does not seem probable in light of present 
information that the Marictta process will more than double the recovery of oil from 
sends by natural means, it appears that the recovery of gasoline by the passing of 
dry gas through oil sand is warranted, because dry gas eventually would strip oil 
which could not be recovered hy the Marietta process, of its gasoline. Thus, an added 
recovery of a natural resource would be effected. | 

However, the same amount of wet gas might give much better results in the 
' etta process than dry gas and, moreover, might give these results at lower pressures. 
The operator who has the foresight and courage to spend thousands of dollars for 
compressor installations, for gas to introduce back into the sands and for current 
operating expenses, will be interested in appraising the possible advantage of using 
wet gas, even though an immediate operating profit might be lost, if by so doing he 
has a reasonable chance of increasing the recovery of oil from the sands. __ 

The data presented by Beecher and Parkhurst would indicate that the use of air 
for the Marietta process is much less advantageous than the use of dry or wet gas and 
should not be resorted to if yas can be obtained. However, most operators in the 
Eastern fields use air and the records of many of their projects prove that results 
with compressed air are well worth while. 

The writers state ‘‘no special effort is made by present production methods, to 
produce oil with a minimum amount of gas or to retain part of the gas in the sands 
under pressure.” While this was true formerly, it no longer holds for all operators. 
For example, the present producing policy of the Shell Co., with which the writer is 
associated, is founded on the principle of producing oil with lowest possible gas-oil 
ratio, in order to retard exhaustion of natural gas from oil sands and thereby obtain 
‘more oil ultimately. This principle is accepted both by the company’s executives 
and by the men in the field. Many experiments are being conducted on different 
kinds of wells for the express purpose of reducing the gas-oil ratios. To accomplish 
this, flowing wells are killed to permit tubing or other changes, present potential 
daily oil productions of both linc or inside wells are restricted, compression costs for 
gas lift flowing are incurred and other seemingly unnecessary hazards and expenses are 


i 
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eontracted. The answer to these methods of operation, is the conviction of Shell Co. 
officials that producing with low gas-oil ratios will result in higher ultimate recoveries 
from the oil sands. . 

"H. C. O. Cuanxs,* Chicago Ill. (written discussion).—The experiments carried 
on by Mr. Beecher very clearly show that oil has decidedly different physical charac- 

istics underground than when produced, and probably in its original state, before 
the discovery well is drilled im, will, if balances are upeet, move freely through Te 
sand, the ease of this movement varying as the pressure, provided a soluble gus is 
present. If this is true, why not apply these principles-when reviving old fields and 
constantly build up the original rock pressure, allowing only enough differential in: 
pressure between wells taking gas and those producing oil to force the oil 
through the sand? 

The application of beck-pressure on new fields will, in a limited way, accomplish 
this and particularly in water-drive Selds, assist in retarding coning, but is not the 
greatest benefit going to come along this line when pressures are applied to oil ficlds 
before the original rock pressure has been too badly dissipated? Experimenting will 
probably give some idea of the economic viscosity to maintain, so oil of given known 
surface gravity will flow:most freely through the sand and give the best recovery. 

These experiments would lead one to believe that with any gas, except air, regu- 
lated high pressures in a sand are an advantage and advisable from a recovery stand- 
point. I am of the opinion that there may be instances where such a position is not 
entirely justified. Although gas-barrel ratios in cases of this character may be highcr 
and pressures are more quickly lowered_than consistent with the control theory, 

from the dollars and cents standpoint, it is probably advisable to get all 
of the oil possible right now, rather than over an extended period of time, even though 
the ultimate recovery might have been greater had control methods been in voguc. 
- ‘The mechanical application of the pressure control idea is a comparatively simple 
one and need not be discussed here. The physical application, however, is apt to be 
more complicated and as a result thereof, it is better to vary the pressures maintained 
in line with the behavior of the individual wellg affected, and also the pressures, if any, 
that are being maintained on adjoining properties. In some areagpe gas-barrckzatio 
at-low as 1500 ft. may be entirely workable and bring satisfactory financial return. 
On the other hand, on other properties where a different set of conditions cxists, it ix 
. easily pomible that the operator may consider a ratio of 10,000 ft. equally good for 
bis needs. These are factors impossible of determinatign until actually faced and no 
set rules may be established in advance of actual application. 

It appears that the industry can yell afford to pay more attention to its gas valucs, 
maintenance-of pressurefon the sands and their effect upon ultimate recovery. 


C. E. Bancuzz.—I am not prepared to say whether flow of oil through the sarid is 
of s turbalent or viscous nature. When you stop to consider the large volume of oil 
moving toward the well, as you get farther from the well the rate at which this oil 

vis moving is very slow compared to the oil which is in the vicinity of the well. Iam 
inclined to believe that the flow, except fairly close to the well, is of a viscous nature. 
I believe viscosity enters into thase formulations and if other conditions are cqual 
the quantity varies with viscosity; therefore, if the viscosity is cut in half you get double 
the quantity, and that varies directly as a pressure. 


J. R. Suman.—I would like to ask if Mr. Beecher took into consideration, in th 
e a jon, im 2 
question of the reduction in the euble fest of gas with.s certain oil, the increase in the 
temperature. If you take a barrel of ofl at 50° and inercase it to 110°, it will increase 
in volume 3 to 5 per cent., depending on the-gravity of the oll, It is natural that a 


a On at 110" will not dissolve gs many cubic feet of gus as,p barrel of oil at 50° 


© Chief production engineer, Pure Oil Co. 
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C. E. Bercuer.—We did not consider that to a fine degree. W . 
e made'a small 
percentage allowance on that basis but not m i di 
Steet ore because the experiment did not 
J. R. Suman.—Did you attempt to make a separate saturated solution : 

, ’ : of gas and 
oil at any time? For instance, if you saturated a barrel of oil at 1000 Ib. oaite 
? dropped Ls sag to on lb., did you determine whether the ratio of gas to 

wou any different from your more extreme soluti i equili 
; ca — : olution, especially an jel 


C. E. Brecuer.—We did not do it exactly in that manner. Occasionally we tried 
to get 300 or 400 Ib.; we saturated the oil with gas and when we got through we might 
have a pressure of 450 or 500 lb. We would let the gas off until it came to the pres- 
sure we desired, and apparently it seemed to check the same as though we had stopped 
exactly at that pressure. However, as I pointed out, these experiments were refined 
to such an extent that you could find small differences. | 


R. Van A, Mitts,® Bartlesville, Okla—Mr. Beecher’s reasoning, especially his 
later remarks about the flow through the sands being a viscous flow, is absolutely 
sound. It checks with my limited experience in studying recovery from sands under 
expulsion by both gas and water. Recovery was invariably in various ratios 
to viscosity. 


M. G. Horrman, Tulsa, Okla.—Mr. Beecher, what results do you get and to what 
extent do you carry the results on the curve? 


C. E. Beecner.—The points shown on the curve are actual experimental points. 
None of our pressure work went over 600 Ib. Mr. Hoffman has worked with oils of a 
different character than ours. They usc oils of a very high viscosity, oil at 100°. 
Saybolt and 100° F. that would run, I believe, up to 500° Saybolt, and it was very 
different from the ones that we were using. Also the gases they are using are pure, 
moving gasses. 

In general I think our results check the experiments Mr. Daley made. Up to 250 
or 300 Ib. it is practically a straight linc. I think if he had carricd this to a little higher 
pressure he would have obtained the curve practically the same as ours. 

One other point: I have a little comparison here. In one of Mr. Daley's experi- 
ments in which he used an Oklahoma crude having a gravity of 29° practically, 30° 
would dissolve the pure movent gas in that at a tempcrature of 100° F. Now, this 
curve shows that where an equal volume of gas is dissolved in a barrel of oil, say 20 ft. 
of gas dissolved in a barrel of oil. He shows almost the same reduction in viscosity 
my curve shows with carbon dioxide, the dry gas and the hydrogen. This indicates 
that if he has shown his results the same as I he would probably have obtained the 
same or a trifle higher reduction of viscosity. ! 


E. C. Yerry, Ponca City, Okla.—We performed some preliminary experiments 
and the experiment we got up around 250 Ib. pressure showed a decrease in viscosity 
of around 50 per cent. The solubility effect and the decrease in viscosity effect was 
largely with the Marland crude, which is a high viscosity crude and higher than any 
used in Mr. Daley’s work, and J believe in any of Mr. Beecher’s. 


*U. S. Bureau of Mines. | 
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MEMORANDUM OPINION OF JUDGE KEECH 


June 17, 1957. 


Sol Shappirio, Esq., 
Washington Loan and Trust Building, 
Washington 4, D. C. 


C. W. Moore, Esq., Attention: Joseph Schimmel, Esq. 
Solicitor , ! 
United States Patent Office, i 
Washington 25, D. C. i 


In re: C.A. 4241-55 and 4244-55 - Martin, et al. v. Watson. 
Gentlemen: 


After further consideration of the evidence, exhibits, trial brief, 
and argument in the above case, and a review of the cases relied on by 
respective counsel, I have concluded that I must find for the defendant. 


Conceding that plaintiffs obtained unexpected results from the use 
of COg at pressures in excess of 600 p.s.i. in their oil recovery process 
and that their disclosure is of substantial economic value, I find, under 
the rule followed by our Court of Appeals in Mills v. Watson, 96 U.S. 
App. D.C. 43, 223 F. 2d 335, that plaintiffs have failed to prove 
patentable invention. | 

The use of various gases under pressure for oil recovery was 
known in the art, and COg was one gas mentioned in the Spindler and 
Russell patents and the AIME article, cited as anticipation. While a 
maximum pressure of 500 p.s.i. was used in the experiments described 
in the AIME article and the figures given for COg at pressures in excess 
of 600 p.s.i., arrived at by extrapolation, were proved erroneous by the 
Martin disclosure, nevertheless, the AIME charts do show that it was 
then known that COs is more soluble in crude oils than the ether gases, 
hence more effective in decreasing viscosity, and also. known that 
viscosity is the most important physical characteristic of crude oil 
affecting the rate of flow through a pipeline or oil-bearing sand. 


The court therefore finds that experimentation with COg at in- 
creased pressures would have been indicated to those skilled in the art, 
and that discovery of the enhanced usefulness of COs at pressures in 
excess of 600 p.s.i. was but a natural development, particularly in view 
of the equipment permitting increased pressures which was becoming 
available in the oil fields at or about the time of the Martin disclosure. 
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If the question of patentability be considered a close one, the 
court holds that the plaintiffs have not rebutted the presumption of 
administrative correctness attaching to the denial of their applications 
by the examiner and by the Board of Appeals of the Patent Office. 
Magnaflux Corp. v. Coe, 78 U.S. App. D.C. 258, 139 F. 2d 531. 


Counsel will prepare and submit promptly appropriate findings of 
fact, conclusions of law, and order. 


Very truly yours, 


United States District Judge. 


UNITED STATES DISTRIC COURT 
FOR THE DISTRICT OF COLUMBIA 


[ Filed 6/28/57 ] 


JAMES W. MARTIN, FREDERICK : = 
A. HESSEL, JOHN B. RUST scam 
IRVING P. HAMMER 


Plaintiffs 
, Civil Action 
Ve . : Nos. 4241-55 
and 4242-55 
ROBERT C. WATSON 
Commissioner of Patents 


Defendant 


FINDINGS OF FACT 


1. These are civil actions brought under the provisions of 
Section 145 of Title 35 United States Code wherein plaintiffs seek a . 
judgment from this Court authorizing the defendant, Commissioner of 
Patents, to grant plaintiffs letters patent of the the United States, 
based upon plaintiffs' patent applications, Serial Nos. 102,306 and 
103,236, filed June 30, 1949 and July 6, 1949, respectively. 


2. The claims before the Court in Civil Action 4241-55, involving 
application Serial No. 102,306 are those numbered 1, 2, 5, 7, 15, 23, 
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24, 31, 32, 33, 38 and 41 to 46 inclusive in said application, as appears 
from paragraph 5 of the complaint in that action. 7 


3. The claims before the Court in Civil Action 4242-55, involving 
application Serial No. 103,236 are those numbered 1, 2, Oy Oy Ly Li, 
18, 20, 21, 25, 35, 37 and 42 to 46 inclusive in said application, as 
appears from paragraph 5 of the complaint therein. | 


4, All claims involved in Civil Action 4241-55, except claims 1, 
2, 5, and 32, were withdrawn by plaintiffs at trial; and of these, claim 
32 is not involved on merits, since it was held unallowable by the Patent 
Office tribunals solely on the ground that the subject matter defined 
therein is a species different from that elected for prosecution in the 
involved application. | 


5. All claims involved in Civil Action 4242-55, except claims 
3 and 5, were withdrawn by plaintiffs at trial. | 


6. Civil Actions 4241-55 and 4242-55 were consolidated at the 
time of trial. : 


7. Claim 1 at issue in Civil Action 4241-55 defines a process of 
treating a subterranean hydro-carbon bearing formation which com- 
prises passing carbon dioxide into the formation at an effective pressure 
of the carbon dioxide of at least 600 pounds per square inch to increase 
the solubility of the carbon dioxides in the hydrocarbons present and to 
produce an effluent containing hydrocarbons and recovering hydro- 
carbons from the effluent. The other claims at issue in the action are 
based upon claim 1, specifying that the treatment with carbon dioxides 
is carried out in the presence of water (claim 2), or that the carbon 
dioxide is used in the form of carbonated water (claim 5). 


8. Claims 3 and 5 at issue in Civil Action 4242-55 define a 
process closely related to that defined in claim 1 of Civil Action 4241-55, 
but which differs therefrom only in specifying that the treatment with 
carbon dioxide is carried out in the presence of brine. | 
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9. The prior art relied upon by defendant as negativing invention 
and patentability is: 


(a) P. J. Spindler patent No. 1,826,371 granted October 
6, 1931, which teaches that oil may be recovered from partially de- 
pleted oil sands by the use of fluids, either liquid or gaseous, by feeding 
such fluid under pressure into the formation. Among the gases dis- 
closed is carbon dioxide, and the pressures used are said to be quite 
substantial varying up to 100 to 500 pounds or higher. 


(b) The W. L. Russell patents, No. 1,511,067, granted 
October 7, 1924, and No. 1,658,305, granted February 7, 1928. The 
earlier patent discloses a process for extracting oil from oil bearing 
strata in which natural production or pressure flow has ceased, or 
from fields which have been flooded with salt water, by infiltration under 
pressure of a liquid carrying a gas, carbon dioxides being more ef- 
ficacious than air, the gas being supplied at a pressure sufficient to over- 


come the water pressure in any given situation, or the gas is dissolved 


in the liquid prior to the introduction of either into the formation. The 


later patent is an improvement over the earlier one, in utilizing the 

combined action of water and gas, such as carbon dioxide, by alter- 

nately forcing each into the oil bearing strata, the mixture of the two 
taking place in the sand itself. 


(c) American Institute of Mining and Metallurgical Engineers' 
publication "Petroleum Development and Technology in 1926", which 
discloses that viscosity is the most important physical quality of oil 
which retards its flow through the small irregular openings of the 
average oil sand, the quantity of oil flowing being inversely proportional 
to the viscosity, other conditions being constant; that carbon dioxide is 
extremely soluble in crude oil, being more soluble than other gases and 
produces the greatest reduction in viscosity at a given pressure; that 
rock pressures of 1000 pounds per square inch or greater, are not 
uncommon in many oil fields, and at such pressures the volume of gas 
dissolved in the oil should be at least twice as great as that obtained 
from laboratory experiments with pressures around 500 pounds per 





square inch. 
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10. The use of various gases under pressure for oil recovery 
was known in the art prior to plaintiffs' disclosure. 


11. Carbon dioxide was one gas specifically mentioned in the 
Spindler, in the Russell patents and in the American Institute of Mining 
and Metallurgical Engineers' article for treating oil wells. 


12. The American Institute of Mining and Metallurgical 
Engineers’ article shows that it was known that carbon dioxide is more 
soluble in crude oils than other gases, hence more effective in decreas- 
ing viscosity, and that viscosity is the most important physical charac- 
teristic of crude oil affecting the rate of flow through a pipe line or 
oil bearing sand. The experiments described in this article used max- 
imum pressures of 500 pounds per square inch, and the figures given 
for carbon dioxide at pressures in excess of 600 pounds per square inch, 


were arrived at by extrapolation. 


13. Plaintiffs' disclosure proved that the extrapolated figures 


were erroneous. 


14. Plaintiffs obtained unexpected results from the use of 
carbon dioxide at pressures in excess of 600 pounds per square inch 
in their oil recovery process, and their disclosure is of substantial 


economic value. 
i 


15. Experimentation with carbon dioxide at increased pressures 
would have been indicated to those skilled in the art. 


16. The discovery of the enhanced usefulness of carbon dioxide 
at pressures in excess of 600 pounds per square inch was a natural 
development, particularly in view of the fact that equipment permitting 
increased pressures was becoming available in the oil fields at or about 
the time of plaintiffs’ disclosure. | 


17. Plaintiffs have failed to prove patentable invention, in view 


of the prior art cited and relied upon by defendant . | 


18. All the claims at issue - claims 1, 2, and 5 of Civil Action 
4241-55, and claims 3 and 5 of Civil Action 4242-55 are unpatentable 


over the prior art. 
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CONCLUSIONS OF LAW 


1. Plaintiffs have not rebutted the presumption of administrative 
correctness attaching to the denial of their applications by the examiner 
and by the Board of Appeals of the Patent Office. 


2. Plaintiffs are not entitled to a patent containing any of the 
claims of the Martin et al applications, Serial No. 102,306 and Serial 


No. 103,236, involved in these actions. 


3. Plaintiffs are not entitled to a patent containing any of the 
claims enumerated in paragraphs 5 of the complaint in Civil Actions 
4241-55 and 4242-55. 


4. The complaints in Civil Action 4241-55 and 4242-55 should be 


dismissed as to all claims. 


/s/ R. B. KEECH 
Judge 


dune 25, 1957 
CERTIFICATE OF SERVICE 


/s/ C. W. MOORE 
Solicitor. 


UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


[ Filed 6/28/57] 


JAMES W. MARTIN, FREDERICK : 
| A. HESSEL, JOHN B. RUST and 
IRVING P. HAMMER 


Plaintiffs 
¥5 Civil Action 
: Nos. 4241-55 
ROBERT C. WATSON and 4242-55 
Commissioner of Patents 


Defendant 
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PROPOSED ALTERNATIVE FINDINGS 
OF FACT BY PLAINTIFFS. 


Plaintiffs James W. Martin et al, submit the attached proposed 
alternative findings of fact to be substituted for findings 9(b), 9(c) and 
12 heretofore filed by defendant, pages 4 and 5 of defendant's findings 
being rewritten in their entirety for this purpose and attached hereto. 


It is certified that a copy of this paper together with a copy of the 
rewritten pages 4 and 5 identified above, were served today on defendant's 
attorney C. W. Moore, Esquire, Solicitor of the United States Patent 
Office. ! 


/s/ | 
Sol Shappirio 
Attorney for plaintiffs 
Service acknowledged: | 


/s/ C.W. Moore 
Solicitor 
U.S. Patent Office 


sufficient to overcome the water pressure in any given situation, or the 
gas is dissolved in the liquid prior to the introduction of either into the 
formation. The later patent is an improvement over the earlier one, in 
utilizing the combined action of water and gas, such as carbon dioxide , 
under conditions to form gas bubbles thruout the oil sand. Plaintiffs’ 
proofs establish that above a pressure of 600 p.s.i., no bubbles can 
form when carbon dioxide is used. ; 

(c) American Institute of Mining and Metallurgical 
Enginners' publication on "Petroleum Development and Technology in 
1926"', which discloses that viscosity is the most important physical 
quality of oil which retards its flow through the small irregular openings 
of the average oil sand, the quantity of oil flowing being inversely pro- 
portional to the viscosity, other conditions being constant; that carbon 
dioxide is extremely soluble in crude oil, being more soluble than other 
gases and produces the greatest reduction in viscosity at a given pressure 
up to a pressure of 500 p.s.i.; that rock pressures of 1000 pounds per 


| 





356 


square inch or greater, are not uncommon in many oil fields, and at 
such pressures the volume of gas dissolved in the oil should be at 
least twice as great as that obtained from laboratory experiments with 


pressures around 500 pounds per square inch. 


10. The use of various gases under pressure for oil recovery 


was known in the art prior to plaintiffs’ disclosure. 


11. Carbon dioxide was one gas specifically mentioned in the 
t 
Spindler, in the Russell patent and in the American Institute of Mining 
and Metallurgical Engineers’ article for treating oil wells. 


12. The American Institute of Mining and Metallurgical Engineers’ 
article shows that it was known that carbon dioxide is more soluble in 
crude oils than other gases, hence more effective in decreasing viscosity , 
and that viscosity is the most important physical characteristic of crude 
oil affecting the rate of flow through a pipe line or oil bearing sand. The 
experiments described in this article used maximum pressures of 500 
pounds per square inch, and the figures given for carbon dioxide at 
pressures in excess of 600 pounds per square inch, were arrived at 
by extrapolation. This article goes on to indicate that one skilled in 
the art could expect a reversal in this trend of benefits. 


13. Plaintiffs’ disclosure proved that the extrapolated figures 


were erroneous. 


14. Plaintiffs obtained unexpected results from the use of carbon 
dioxide at pressures in excess of 600 pounds per square inch in their 
oil recovery process, and their disclosure is of substantial economic 
value. 


15. Experimentation with carbon dioxide at increased pressures 
would have been indicated to those skilled in the art. 


16. The discovery of the enhanced usefulness of carbon dioxide 
at pressures in excess of 600 pounds per square inch was a natural de- 
velopment, particularly in view of the fact that equipment permitting 
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increased pressures was becoming available in the oil fields at or about 


[Filed 6/28/57] 


UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


JAMES W. MARTIN, FREDERICK : 
A. HESSEL, JOHN B. RUST and 
IRVING P. HAMMER 


Plaintiffs ; 
v. Civil Action 
‘ Nos. 4241-55 


ROBERT C. WATSON ) and 4242-55 
Commissioner of Patents ; 


Defendant 


JUDGMENT 


This action came on to be heard at this term and thereupon upon 
consideration thereof, it is this day 25th of June, 1957 


ADJUDGED that the complaint be and it is hereby dismissed, 
with costs against the plaintiffs . 


/s/ R. B. KEECH 
Judge | 


APPROVED AS TO FORM: 


Attorney for Plaintiffs 
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{ Filed August 27, 1957] 


JAMES W. MARTIN, FREDERICK A. 
‘HESSEL, JOHN B. RUST, and 
IRVING T. HAMMER, 


Plaintiff 
v. . Civil No. 4241-55 


ROBERT C. WATSON, 
Commissioner of Patents 


Defendant 


NOTICE OF APPEAL 


Notice is hereby given this 27th day of August, 1957, that 
James W. Martin, Frederick A. Hessel, John B. Rust 
and Irving T. Hammer, Plaintiffs above named, 
hereby appeals to the United States Court of Appeals for the District of 
Columbia from the judgment of this Court entered on the 28th day of 
July, 1957 in favor of the above-named defendant 
against Said the above-named plaintiffs 


TEs ee eT Ae eee OE TE ee VR EN 


/s/ Harry W. F. Glemser 


Attorney for Plaintiffs 
* kK x 


Of Counsel 


LOUIS D. FLETCHER 
DARBY & DARBY 

405 Lexington Avenue 
New York 17, New York 





[ Filed August 27, 1957] 


JAMES W. MARTIN, FREDERICK A. 
HESSEL, JOHN B. RUST, and 
IRVING T. HAMMER, 

v. Civil No. 4242-55 

ROBERT C. WATSON, : 

Commissioner of Patents 


Defendant. 


me ee a Ne Cee eee ee ee ee ee ee” 


| 


NOTICE OF APPEAL ! 


Notice is hereby given this 27th day of August, 1957, that 
James W. Martin, Frederick A. Hessel, John B. Rust 
and Irving T. Hammer, Plaintiffs above named, ! 

hereby appeals to the United States Court of Appeals for the District 
of Columbia from the judgment of this Court entered on the 28th day 
of July, 1957 ! 
in favor of the above-named defendant 

against said the above-named plaintiffs 


/s/ Harry W. F. Glemser 
BACON & THOMAS | 


* * * 


Of Counsel 


LOUS D. FLETCHER 
DARBY & DARBY 

405 Lexington Avenue 
New York 17, New York 
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(i) : 
STATEMENT OF QUESTIONS PRESENTED 


The prime question presented on these appeals is whether the 
District Court erred in refusing to order the Commissioner of Patents 
to issue Letters Patents to plaintiffs containing the claims here on 
appeal, as prayed for in the complaints, having found plaintiffs ob- 
tained unexpected results from the use of carbon dioxide at pressures 
in excess of 600 p.s.i. in their oil recovery processes and their dis- 
coveries are of substantial economical value. | 


The second question is whether the District Court erred in 
refusing to find the claims on appeal in Civil Action No. 4241-55 
(Appeal No. 14153) patentable over the prior art comprising the 
patents issued to Russell, Nos. 1, 511, 067 and 1, 658, 305 and Spindler 
No. 1, 826, 371. 


The third question is whether the District = erred in 
refusing to find the claims on appeal in Civil Action No. 4242-55 
(Appeal No. 14154) patentable over the prior art comprising the 
patents issued to Russell, Nos. 1, 511, 067 and 1, 658, 305 and Spindler 
No. 1, 826, 371. | 


The fourth question is whether the District Court erred in 
refusing, at plaintiffs' request, to amend its Findings of Fact, Nos. 
9(b) and (c) and 12. ! 


The final question is whether the District Court erred in its 
Findings of Fact Nos. 15 to 18 (and Conclusions of Law based eed 
in view of its Findings of Fact Nos. 13 and 14. 
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UNITED STATES COURT OF APPEALS 
For The District of Columbia Circuit 


No. 14, 153 
JAMES W. MARTIN, et al., 


vs. 


ROBERT C. WATSON, 
Commissioner of Patents, 


Appellants, 


Appellee 
No. 14, 154 | 
JAMES W. MARTIN, et al., 3 


Appellants, 
vs. : 


ROBERT C. WATSON, i 
Commissioner of Patents, i 


Appellee 


APPEAL FROM THE JUDGMENT OF THE UNITED STATES DISTRICT 
COURT FOR THE DISTRICT OF COLUMBIA. 


| 
1 


BRIEF FOR APPELLANTS 


JURISDICTIONAL STATEMENT 


Jurisdiction of the District Court was invoked under Title 35 
U.S.C. (1952) Section 145, 66 Stat. 803 by plaintiffs'-appellants' 
actions seeking a judgment by the District Court that appellants are 
entitled to receive patents for the inventions defined in the claims of 
pending patent applications of James W. Martin et al, Serial No. 
102, 306, filed June 30, 1949 and Serial No. 103, 236, filed July 6, 


2 


1949. The Judgments of the District Court dismissing the Complaints 
entered on July 28, 1957, and plaintiffs'-Appellants' motions to make 
modifications to the Findings of Fact were denied sometime between 
the Memorandum Opinion of the District Court dated June 17, 1957 

and entry of Judgment on July 28, 1957. Notices of appeal were served 
and filed August 27, 1957. This Court has jurisdiction under 28 U.S.C. 
(1952) Section 1291 65 Stat. 726 (1951). 


STATEMENT OF THE CASE 


At the trial these two cases were consolidated and upon the 
filing of the appeals herein a motion was made and approved to con- 
solidate the cases for the purposes of proceeding before this Court. 


Background 

The inventions of the claims of the applications to be considered 
here comprise methods of recovering oil from underground oil bearing 
sands or formations by the use of carbon dioxide gas alone or in mix- 
ture with water, fresh or brine, under critical conditions. By these 
processes unexpectedly large quantities of oil are recovered from 
underground oil bearing formations which oil, heretofore, has been 
considered and, as a matter of fact, has actually been unrecoverable. 


When an oil well is drilled, a portion of the contained oil and gas 
is forced to the surface by the natural forces existing in the oil bearing 
formations, evidence of which is the familiar "gusher" which frequently 
results. This is known in the art as "primary" production (J. A. 14). 
After these natural forces have spent themselves and oil no longer 
issues from the well, the so-called "primary recovery" period is 
ended. It is common practice to effect "secondary recovery", for a 
period, by flooding the oil bearing formation, which is accomplished 
by forcing a liquid, such as water, or a gas, such as natural gas, into 
the formation under pressure to effect the recovery of an additional 











portion of the oil (J. A. 14-15). 


Upon completion of primary and secondary recovery the well is 
considered spent for all practical purposes, but a significant fact is 
that on the average about only one-third of the oil, originally occurring 
in the formation, is recovered (J. A.14). There remains, therefore, 
two-thirds of the original oil awaiting the discovery of an effective 
method of recovering it or a substantial portion of it. : As will appear 
later, much effort and money has been expended to devise methods to 
do this. 


This Court can properly take judicial notice of 7 widely 
recognized fact that in the United States alone this unrecoverable oil 
is of vast economic value. The authoritative textbook "Petroleum 
Engineering" by Uren, McGraw-Hill Book Company Incorporated, 1953 
Edition at page 462 states that the oilfields of the United States prior to 
1951 produced 40 billion barrels of oil. This means that approximately 
80 billion barrels of oil remain in these fields, and for all practical 
purposes are of no economic value because there is no known method 
of recovering them or a substantial portion of them. | As will appear 
later, the processes of the claims on appeal are capable of recovering 
approximately one-third (J. A. 31), to one-half (J. A. 99) of this oil, 
providing a potential prospect of producing as much as 40 billion barrels 
of oil from these wells, a matter of great strategic and economic im- 
portance to the United States. | 


While it may be somewhat speculative, it is not unreasonable to 
suggest, in view of the great expansion in the use of oil in the United 
States since 1951, that there may well be another 80 billion barrels 


of oil, remaining in the ground, as a result of production since 1951. 


Appeal No. 14, 153 


Application Serial No. 102, 306 discloses a process for re- 
covering a substantial portion of the oil remaining in a spent well. 
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The method can be most easily understood by reference to the claims 
of this application which will be found in Plaintiffs' Exhibit 1 (J. A. 75). 
The method comprises introducing carbon dioxide either alone or with 
water (and methane) into a subterranean oil bearing formation at an 
effective pressure of at least 600 p.s.i. As is clear from the appli- 
cation, introducing carbon dioxide into the formation at a pressure of 
at least 600 p.s.i. clearly means that the carbon dioxide is passed into 
the formation while maintaining that pressure in order to produce an 
effluent which contains the hydrocarbon formerly trapped in the for- 
mation. 

The carbon dioxide gas is introduced through an input well 5 by 
means of a compressor 2 and when water is used it is simultaneously 
introduced into the well 5 under, of course, the same pressure by 
means of the pump 13, see particularly Exhibit 3(J.A. 107). The gas 
or the gas and water in mixture is caused to progress under pressure 
which must be at least 600 p.s.i. through the oil structure to one or 
more output wells 6 into which the effluent, containing the hydrocarbon 
released from the oil structure, is forced. The effluent is collected in 
a separator 9 where the liquid content, including the oil, is separated 
from the gaseous content. 


It was not new at the time of applicants’ inventions to flood a 
well with water or a gas, such as natural gas, alone to effect secondary 
recovery. Applicants’ process is a tertiary recovery process (J. A. _ 
16-17) used at the completion of primary and secondary recovery, i.e. 
when a well is spent. This process is effective in recovering un- 
expectedly large quantities of the oil content of a spent well, including 
valuable quantities of natural gas (J. A. 21). 


As disclosed in the applications involved here, from one-half 
to one-third of this heretofore unrecoverable oil can be recovered by 
the processes claimed (J. A. 97-99). Many attempts, of course, have 
been made to recover an economically justifiable portion of the oil 


at 


4) 


content of a spent well, including the patents of the prior art upon 
which the claims on appeal were finally rejected. | 


The first of these are the patents to Russell, which can be 
considered together because their disclosures are, for the purposes 
of the issues here, quite similar. Russell patent 1, 511, 067 was 
granted on October 7, 1924, Exhibit 19 (J. A. 314-316). It discloses 
a process for recovering oil using a mixture of water and one of the 
gases of the group comprising air and carbon dioxide. The process, 
as disclosed, describes the use of water and air, and the reference 
to the carbon dioxide is by way of the casual statement “carbon dioxide 
may be found very efficacious" (J. A. 316, 1.40). There is no reference 
in this patent to specific pressures under which the water and gas mix- 
ture is to be introduced into the formation. There is no statement 
that the pressure is to be maintained. Indeed, Russell teaches that 
the pressure is allowed to diminish (J. A. 315, 1. 112), so that its 
contained air will reappear "in the form of bubbles". It is clear that 
the pressure is not high because the gas, in the form of bubbles, is 
carried along by the water so that oil films form thereon (J. A. 316, 
1.5). The operation with water and carbon dioxide, instead of air, is 
the same. : 


The later Russell patent No. 1, 658, 305, granted February 2, 
1952 (J. A. 317-321), for the purposes of the issues, here, is the same 
as the earlier Russell patent, except that the former equates with air 


not only carbon dioxide, but ratural gas also. One of these gases in 
admixture with water is introduced into the oil bearing formation, 
under a pressure not specifically indicated, but low enough so that the 
gas content of the water will exist in the formation as bubbles. In 

this patent, as in the other, the pressure of the mixture is not main- 
tained in the formation, but is allowed to diminish to insure the escape 
of the gas from the water in the form of bubbles (J. A. 319, 1.25). 
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The next prior art patent is No. 1, 826, 371 granted October 6, 
1931 to Spindler. The disclosure in this patent is primarily directed 
to what is now known in the art as "seven-spot" method of secondary 
recovery using water or gas (J. A. 46). The characteristic of this 
method is that the input wells through which the flooding fluid is 
passed into formation, are arranged around a more or less centrally 
positioned output well, as is clearly indicated in Fig. 7 of this patent 
(J. A. 308). The disclosure and claims of the patent describe a way 


of building a "barrier of water" (or gas) around a body of oil (J. A. 51). 


The output well is to be located centrally of the barrier. The flooding 
fluid is separately described as water, or a gas such as air, natural 
gas or carbon dioxide (J. A. 311, 1.130). 


This patent first discusses the use of an incompressible fluid 
(i.e. a liquid) and states that at times such liquid, which is described 
specifically as water, may be used at pressures up to 1800 p.s.i. 
He describes in detail the use of water at these pressures in his 
seven-spot method. 


| When using compressible fluids, namely gases, much lower 
pressures are described. For example, at J.A. 312, beginning in line 
27, it is stated that his compressible fluids may be air, carbon dio- 
xide, natural gas, methane and other lower fragments of petroleum. 
The description makes special reference to air, and clearly equates 
all of these gases as of the same significance. The patent describes 
the pressures at which they are to be introduced at the input wells in 
the language: 
“The initial pressures are quite substantial varying 
up to 100 to 500 lbs., or higher." (J. A. 312, 1.31). 
The main issue in this case is whether this language includes the use 
of carbon dioxide alone (or with water) at pressures above 600 p.s. i. 
as required by the claims on appeal. The Patent Office and the 
' District Court all concluded, in the face of proof to the contrary, that 


1d 


{ 
} 
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a the words "or higher" obviously included pressures above 600 p.s.i. 
The record demonstrates this conclusion to be erroneous, and this 
point will be discussed in the argument in detail. : 


Assuming for the moment, however, that this interpretation is 
correct, it is still of no importance because in line 56 of that patent 
(J. A. 312) is the following statement: 


'™ * Additional introduction of air under a substantially 
lower pressure, the pressure being in average cases 
approximately 150 lbs., causes the oil to flow out- 
wardly from the central well toward the ee wells 
surrounding said central well, * *". 


The significance of this language is that, although the gas, be it 


air, carbon dioxide or some other gas, is introduced into the for- 
mation through the input wells at 500 p.s.i. or higher, the initial 
pressure is allowed to drop off so that the introduction of additional 
air can be made at "a substantially lower pressure" (150 p.s.i.). 
Thus, the pressure of the gas in the formation is substantially below 
600 p.s.i., as required by the claims. : 


There is one other prior art reference which needs a short 
discussion although it is not truly germain to the prime issue in this 
case. It is the Squires patent No. 1, 249, 323 granted December 4, 
1917 (J. A. 325). This patent recognizes that air and natural gas have 
been proposed before as a flooding agent for oil wells. It points out 
that air is dangerous because it is explosive and natural gas is not 
practicable because it is too expensive. Squires, therefore, pro- 
poses to use a deoxidized gas which he defines on page 2, at line 33 
as "waste products composition". He does not describe the pressures 
at which this gas is to be used. The reference was used by the Patent 
Office mainly to show the steps of removing the effluent from the out-. 
put well and separating it into its oil and gaseous content, which, of 
course, are two necessary steps in a complete process. Applicants 


t 
| 
1 
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have never contended that the novelty of their process lies in these 
two steps, and therefore, the patent is of relatively little significance, 
especially in view of the Russell patents and Spindler. 


Appeal No. 14, 154 


The second application involved is that of Martin et al, Serial 
No. 103, 236, filed July 6, 1949. The claims in issue, which are 
found in this application, are set out in Plaintiffs' Exhibit 2 (J. A. 76). 


As they clearly indicate, the difference between them and the 
other set of claims, previously described, is that brine is used in- 
stead of plain water. As disclosed in the application, brine consists 
of an aqueous solution of any one or a mixture of a large number of 
soluble chemical compounds suitable for the purpose. 


The point of this application is that, in using brine (and carbon 
dioxide) instead of plain water, a still greater recovery of oil is attain- 
ed, from subterranean oil formations, than in the case of carbon 
dioxide alone or in combination with plain water. These two claims 
referring to brine,of course contain the critical limitation that the 
carbonated brine must be placed in the formation at an effective 
pressure of at least 600 p.s.i. 


Additional Matters 
Applicable to Both Appeals 

All of the six claims involved in the two cases refer to the fact 
that the use of carbon dioxide, at a pressure above 600 p.s.i., in- 
creases the solubility of the carbon dioxide in the hydrocarbons present 
in the formation. The two applications set forth that among the ad- 
vantages of the use of carbon dioxide at these pressures is this 
increased solubility, and so, the Examiner laid a foundation for re- 
jecting the claims as unpatentable over the prior art in view of certain 
statements found in Plaintiffs’ Exhibit 16 (J. A. 285-303). Exhibit 16 
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consists of pages 51 to 59 from the book Petroleum Development 
and Technology, 1926, a publication of the American Institute of 
Mining and Metallurgical Engineers. The Examiner particularly 
referred to page 56 of this publication (J. A. 126) on which appears 
in Table 1 data upon the basis of which James W. Martin prepared 
the graphs for air, natural gas and carbon dioxide which appear on 
the chart, Plaintiffs’ Exhibit 17 (J.A. 304). Mr. Martin explained 
that the experiments, from which Table 1 was obtained, did not go 
above 500 lbs. pressure (J. A. 37), and that he assumed, therefore, 
that the data in Table 1 for pressures above 500 p.s. i. was ex- 
trapolated (J.A. 39). 


To explain it more simply, the solid black line portions of 
the three lowermost curves on Plaintiffs’ Exhibit 17 (J. A. 304) plot 
the data of Table 1 (J. A. 289) for pressures up to 500 p.s.i. On the 
other hand, the dotted portions of these three curves plot the extra- 
polated values for pressures up to 1000 p.s.i. Mr. Martin explains 
in his testimony at J. A. 37, that the data above 500 Ibs. was extra- 
polated by the experimenters in view of the statement by Mr. C. E. 
Beecher, quoted on page 37 of this record. 


As explained on J. A. 37, these three curves give graphical 
illustrations of the principle of Henry's law that with increasing 
pressure carbon dioxide is increasingly soluble in crude oil. 


The significance of the importance of applicants’ discovery, 
namely working above 600 p.s.i., is also graphically illustrated in 
Plaintiffs' Exhibit 17, (J. A. 304) where actual experimental data of 
work done by applicants with respect to carbon dioxide is illustrated. 
Applicants found, as did the experimenters in the A.I.M.E. Book, 
that the solubility of carbon dioxide in crude oil follows Henry's law, 
in the absence of a chemical reaction, up to a pressure of 500 p.s.i. 
However, contrary to the extrapolated prediction of the A.LM.E. 
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experimenters, at pressures above 600 lbs. the results deviate un- 
expectedly and sharply and the solubility of carbon dioxide in petroleum 
increases rapidly. This is graphically illustrated by the uppermost 
curve of Exhibit 17, which shows that the solubility of carbon dioxide 
vastly increases above 600 p.s.i. This is the unexpected discovery 

of the applicants, and an important reason the claimed processes are 
so much more effective than the processes of Russell and Spindler. 


The Patent Office also cites, in an effort to indicate lack of 
invention in the claims here on appeal, Petroleum Dictionary for 
Office, Field and Factory, Fourth Edition, page 230, 1948 (J. A. 117) 
with reference to its definition of "rock pressure". Roek pressure is 
defined as being equal to the pressure exerted by a column of water 
extending from the surface of the earth to the bottom of a bored well. 
Since wells were often drilled, at the time of the Spindler and Russell 
inventions to a depth of 2000 feet, the Examiner argued that following 
the Russell and Spindier patents and applying their processes, the 
pressures at the bottom of the well would be above 600 p.s.i. If true, 
this is irrelevant. We have already seen that both of the Russell 
patents, as well as Spindler, depend for their operation upon per- 
mitting the mixture of water and gas to move into the formation as the 
pressure falls to a point where, in the case of Spindler, additional gas 
at a pressure as low as 150 p.s.i. can be introduced into the well. It 
is a matter of obviousness that if the pressure falls away to the point 
where the previously introduced water and gas can be followed by 
additional gas at 150 p.s.i., that the pressure must have fallen as a 
result of the oozing of the mixture through the formation to a still 
lower value, that is lower than 150 p.s.i. Of course, this inter- 
pretation of the Russell patents and the Spindler patent by the Examiner 
based upon a dictionary definition of the term "rock pressure" com- 
pletely ignores the teaching of these patents. 





11 : 


Plaintiffs’ Exhibits 8, 9, 10 and 11 (J. A, 267-273) describe 
and show graphically the results of applicants' inventions using 
carbon dioxide alone and with water or brine in the recovery of 
petroleum from an underground formation. For example, Plain- 
tiffs' Exhibit 9 shows that with increasing pressure using nitrogen 
gas for this purpose, there is no change in the amount of oil re- 
covered, whereas with carbon dioxide gas starting at approximately 
600 p.s.i., the amount recovered increases sharply and rapidly. 
Plaintiffs' Exhibit 10 (J. A. 272) shows the same result in a different 
manner. This chart shows the amount of oil remaining in the for- 
mation when treated with carbon dioxide gas as compared with 
nitrogen gas, with increasing pressures. For nitrogen gas the 
amounts remaining do not change whereas for carbon dioxide gas 
the amount remaining decreases rapidly above 600 p. s.i. The charts 
of Exhibits 9 and 10 might be referred to as mirror images of each 
other, showing the same result in two different ways. The chart of 
Plaintiffs’ Exhibit 11 (J. A. 273) shows results similar to the chart 
of Plaintiffs’ Exhibit 10 but comparing uncarbonated brine with car- 
bonated brine (brine plus carbon dioxide). Using uncarbonated brine, 
the amount of oil remaining in the formation with increasing pressure 
remains constant but it falls off rapidly when using carbonated brine 
above 600 p.s.i. ! 


Plaintiffs’ Exhibit 12 (J. A. 275-280) is a discussion by Martin 
of the highly favorable results obtained by him in actual field tests 
in Allegheney County, New York, of the claimed processes. 


Plaintiffs' Exhibit 13 (J. A. 281-283) is a first report based on 
the result of tests of applicants' processes, by the independent 
Pennsylvania Grade Crude Oil Association of Bradford, Pennsylvania. 
As a result of these tests, they reported that no benefits were obtained. 
Exhibit 14 (J. A. 284) is a report of their second test as published in 
the Gas and Oil Journal, while Exhibit 15 (J. A. 284-1 to 284-8) is a 
preprint of a paper on the same tests given at the 16th Technical 


| 
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Conference of Petroleum Production. These second reports are 
highly favorable and suggest that applicants’ processes are ready for 
a real field test, a complete retraction of the first unfavorable report. 


Plaintiffs’ Exhibit No. 3 (J. A. 143-148) consists of a discussion 
by the Expert, Paul D. Torrey on November 17, 1952 of prior pro- 
cesses of this type, before the Oklahoma Section of the Petroleum 
Branch of the American Institute of Mining and Metallurgical Engi- 
neers. This article is significant in several respects. First, it 
shows the interest of the oil industry in processes for recovering 
petroleum from spent wells; secondly, it discusses favorably appli- 
cants’ processes; and, thirdly, it is interesting for what it does not 
discuss, namely the processes of the Rusell patents and the Spindler 
patent, which the Patent Office and the District Court held disclose 
applicants’ claimed inventions. 


Testimony of Applicant, James W. Martin 


There follows a brief resume of the testimony of James W. 


Martin, one of the applicants in each of the applications here on appeal. 


Martin, who is a graduate engineer, has spent most of his life 
in the technology of the manufacture and uses of carbon dioxide 
(J. A. 12 and 152 et seq. ). He has closely followed the efforts of the 
oil industry to recover the petroleum in spent wells, and at the time 
he testified, he was unaware of any processes other than those of 
the claims here under consideration, actually in use for that purpose 
(J. A. 16-17). 


These processes have actually been field tested in spent wells 
(J. A. 17 et seq.), and as a result a number of unexpected and advan- 
tageous results were obtained.’ For example, the well covering less 
than one half acre (J. A. 268) at Richburg, New York, prior to the 
application of this process, was producing one quarter of a barrel of 
oil per day, and after application of the process production rose to two 
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barrels per day, an eight-fold increase (J. A. 18). 


An unexpected result was the fact that carbon dioxide, which 
had always been considered by the oil industry as unsuitable for 
injection into a well because excessively corrosive, did not cause 
any corrosion (J. A. 19), and did not, as was anticipated might 
happen, plug the oil bearing sands (J. A. 19-20). The water injec- 
tivity of the subterranean formation, a desirable condition, was 
increased two-fold (J. A. 21). In addition, the Richburg well, which 
was not producing natural gas, unexpectedly began, after treatment, 
to produce natural gas in significant quantities (J. A. 21). It was also 
found, unexpectedly, that the injection of carbon dioxide into the well 


produced unsaturated hydrocarbons, which are important to the petro- 
chemical industry as building blocks for plastics (J. A. 22). 


Experiments at the laboratories of the Montclair Research 
Corporation, in preliminary work leading to the inventions here 
claimed, developed the very spectacular and unexpected result that 
oil can be removed from the sands containing it in unexpectedly large 
quantities by the use of carbon dioxide at pressures above 600 p.s.i. 
(J. A. 24). This unexpected result is graphically illustrated in the 
uppermost curve of Plaintiffs’ Exhibit 9 (J. A. 271) showing carbon 
dioxide is unique in comparison, for example, with nitrogen gas. 

In the case of nitrogen gas the amount of oil recovered remains con- 
stant at all pressures up to 1000 p.s.i. (J. A. 26). The same is true 
when air or methane is used instead of nitrogen (J. A. 28). This un- 
expected result is specific to carbon dioxide, and was unpredictable. 


Exhibit 9 clearly indicates the deviation from what Henry's 
law would teach as to the solubility of a carbon dioxide in crude oil 
at increasing pressures, in the absence of a chemical reaction (J. A. 
40). The divergence discovered by Martin and his coapplicants is 
believed to be due to an unexpected chemical reaction which is brought 
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about when operating above 600 p.s.i. (J. A. 40). 


Prior to applicants’ inventions it was generally believed by 
experts in the field of oil recovery that in seeking a successful 
process the pressures should be kept low. It was thought that, if 
the pressure in the formation was increased too greatly, turbulence 
would occur, counteracting the good effect of decreasing viscosity 
of the oil in the formation, which one would expect with increasing 
pressures (J. A. 45); but this is not true when carbon dioxide is used. 


Neither Spindler nor Russell discovered the unexpectedly high 
recoveries obtainable when using carbon dioxide at pressures above 
600 p.s.i. (J. A. 51, 53-55). The Russell process has never been 
used in the field (J. A. 54). Russell makes no teaching that carbon 
dioxide acts differently than any other gas (J. A. 55) for the purpose | 
of recovering oil. 


STATUTES INVOLVED 


“Whoever invents or discovers any new and 
useful process, machine, manufacture, or composi- 
tion of matter, or any new and useful improvement 
thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this Title." 35 U.S.C. 
(1952) Section 101. 


The following relevant portions of 35 U.S.C. (1952) Section 
102 apply: 


"A person shall be entitled to a patent unless 


(a) the invention was known or used by others in 
this country, or patented or described in a 4 
printed publication in this or a foreign country, 
before the invention thereof by the applicant 
for patent, or - 
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the invention was patented or described ina 
printed publication in this or a foreign country 
or in public use or on sale in this country 

more than one year prior to the date of the 
application for patent in the United States, or **" 


35 U.S.C. (1952) 103 


"A patent may not be obtained though the in- 
vention is not identically disclosed or des- 
cribed as set forth in Section 102 of this 
Title, if the difference between the subject 
matter sought to be patented and the prior 
art are such that the subject matter as a 
whole would have been obvious at the time 
the invention was made to a person having 
ordinary skill in the art to which said sub- 
ject matter pertains. Patentability shall 
not be negatived by the manner in which 
the invention was made." ! 


STATEMENT OF POINTS 


(1) The District Court erred, after finding plaintiffs obtained 
unexpected results from the use of carbon dioxide at pressures 


in excess of 600 p.s.i. either alone or in conjunction with water 
or brine in their oil recovery processes and of substantial 
economic value, in refusing to order the Commissioner of 


| 


Patents to issue Letters Patents to plaintiffs. 


(2) The District Court erred in finding the claims in Appeal 
14, 153 unpatentable over the prior art of record. 


(3) The District Court erred in finding the claims in Appeal 
No. 14,154 unpatentable over the prior art of record. 


(4) The District Court erred in refusing to amend its findings 
of fact, as requested by the plaintiffs. 


(5) The District Court erred in its contrary Findings of Fact 
Nos. 15 to 18 on the one hand, and Nos. 13 and 14 on the 
other. 
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SUMMARY OF ARGUMENT 


_ The Board of Appeals of the United States Patent Office found 
(J. A. 180) the processes of the claims here on appeal taught by the 
Spindler patent 1, 826,371, at page 4 of that patent (J. A. 312), where 
he discusses the use of carbon dioxide at pressures of 100-500 lbs. 
or higher. The Board concluded that this statement was an adequate 
disclosure of the use of pressures of at least 600 p.s.i. The District 
Court erred in affirming this conclusion in the face of the undisputed 
testimony in this case that applicants discovered (a statutorily de- 
fined way of making an invention) contrary to the knowledge of the art, 
unexpected results are obtained at and above 600 p.s.i. In addition, 
these unexpected results were derived from investigations which went J 
contrary to the accepted principle in this art that high pressures “ 
should be avoided in order to avoid turbulence in the oil bearing sands, 
the presence of which was known to defeat oil recovery. Furthermore, 
a practical process, for the purposes of this invention, has long been 
sought, as demonstrated without contradiction by the record in this 
case, and Spindler, therefore, does not teach it. If he did the art 
would have recognized it. 


In a Similar way the Board of Appeals found (J. A. 185) un- 
patentable merit in the claimed processes, i.e. they were obvious 
in view of the disclosures in the Russell patents Nos. 1, 511, 067 and 
1,658,305. The District Court erred in affirming in the face of un- 
disputed proofs presented to it of an unexpected result, which it 
accepted; the ingenuity of plaintiffs’ move in the face of the accepted 
principle in the art to avoid high pressures; and the long standing 
demand for and unsuccessful efforts to find a process of this nature, 
in view of its not only "tsubstantial" but enormous economic value to 
the oil industry. 





> 
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The District Court erred, in finally concluding in the face of its 
own conviction, that applicants had produced an unexpected result, in 
affirming the Board of Appeals on the wholly superficial principle of 
assuming the correctness of the ruling of an administrative body (J. A. 
349). | 


Applying the principle of "administrative correctness" in the 
face of the undisputed proofs in this case suggests the lack of the will 
to make an independent appraisal of the record presented to the Dis- 
trict Court to the end that protection is denied for subject matter 
which is new and of great economic value. As will be explained in 
greater detail in the argument, the Spindler and Russell patents do 
not teach the processes of the claims on appeal, and the conclusions 
of the Board of Appeals were supported by a considerable amount of 
speculation, interpretation, and inference after the fact, all of which 
is contrary to well established law. The simple principle of appli- 
cable law is that if an applicant for a patent discloses subject matter 
which produces new and unexpected results, he is entitled to a patent. 
This principle is regularly followed by the Patent Office and by this 
Court. The District Court, in affirming the Board of Appeals, adopted 
the Board's tortous and unfair interpretation of the prior art, dis- 
regarding this controlling principle. It, therefore, committed clear 
error, which this Court should not approve. : 


ARGUMENT 


The patents to Spindler and Russell were applied in different 
ways. The Board of Appeals held that the Spindler patent discloses 
the claimed inventions, and the Russell patents, although not identical, 
were sufficiently close to indicate lack of invention. 





The Spindler Patent 


Spindler was held to teach applicants’ inventions because he 
describes the use of carbon dioxide under pressure. He defines 
this pressure in the following language: 


"The initial pressures are quite substantial 
varying up to 100 to 500 lbs., or higher." 
(J. A. 312, line 31). 


The Board of Appeals held that the word "higher" includes 600 
lbs. but appellants contend that this word does not teach such pressures 
for the following reasons. First, if Spindler had actually contemplated 
pressures of 600 lbs. or higher, he would have discovered the sudden 
deviation of the solubility of carbon dioxide in crude oil, and in view 
of the increased recovery of oil, which results under these conditions, 
he would have most certainly made some mention of it. Furthermore, 
the industry would have recognized it, which it did not do, as Martin 
testified (J. A. 16-17 and 54) and as the Torrey article confirms. At 
best the word "higher" would, in view of the unexpected results ob- 
tained by using pressures above 600 lbs. in any reasonable inter- 
pretation only, mean some small percentage higher than 500 lbs., as 
for example 10% higher, that is 550 lbs. 


The above quoted language is also significant in showing that it 
is a loose statement, made without foundation of supporting knowledge 
because Spindler says that he can use initial pressures "varying up to 
100 to 500 lbs." The additional statement "or higher" has no meaning 
at all in view of the specific recitation of a range of 100 to 500 lbs. 

At best the words "or higher” can only be said to allow a little flexi- 
bility at the high end of the range. 


It is much more important, however, to note that whereas 
appellants’ claims require that the pressure of 600 lbs. or higher be 
an effective pressure in the formation, Spindler specifically states 
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that after creating the initial pressure the gas "oozes rapidly" through 
the strata (J. A. 312, line 53). Thus initial pressure is allowed to 
diminish because in the next step of the Spindler process additional air 
is introduced "under a substantially lower pressure, the pressure being 
in average cases approximately 150 lbs." (J. A, 312, 1. 57). It is of 
course axiomatic that if this additional air can be introduced at a 
pressure of 150 Ibs., the pressure in the well must have diminished 
from its initial pressure to a pressure lower than 150 Ibs., else the 
additional air could not be forced into the well. As a homely example, 
this Court will recognize that if an automobile tire contains air under 
a pressure of 20 lbs., additional air cannot be introduced into that tire 
at say 10 lbs. In order to introduce any additional air into a tire con- 
taining 20 lbs. pressure, it is necessary to supply it at a pressure 
above 20 lbs. Thus, even if it can be fairly said that Spindler creates 
an initial pressure in the well of 600 lbs., he still does not teach the 
claimed process, because he permits that initial pressure to diminish 
below 150 Ibs. Thus additional air is said to cause the oil in the for- 
mation to flow outwardly from the central well to the surrounding 
collecting wells. : 


Appellants’ process comes into use after the well is spent, that 
is all the oil has been recovered that can be recovered by primary 
and secondary recovery. Spindler at best proposes only a minor 
modification of the old secondary recovery type of procedure. His 
patent, and his claims emphasize and describe in detail this minor 
improvement. It consists of surrounding the output well with a series 
of input wells arranged more or less on the circumference of a circle 
at the center of which is the output well (Fig. 7 of his patent, J. A. 308). 


At no place in the Spindler patent can there be found any inten- 
tion to provide a method of recovering additional oil from spent wells. 
His teaching is of the very narrowest kind and is concerned with a 
new arrangement of wells to make the old secondary recovery process 
using either a liquid or a gas as the flooding agent, more effective. 
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In considering the Spindler patent it will be helpful to this Court 
to consider Plaintiffs’ Exhibit 7, (J. A. 266) which pictorially illus- 
trates an oil well and its relationship to the surrounding oil bearing 
strata. The oilwell itself consists of a hole bored in the ground until 
it reaches the oil bearing strata. At times the bottom of the bore is 
enlarged as indicated in Exhibit 7, by exploding a dynamite charge to 
form a chamber in the sands. The initial pressure of which Spindler 
speaks is the pressure of the fluid in this chamber. It is not the 
pressure in the sand formation in which the chamber is formed. 
Obviously, as the fluid, be it a liquid, a gas (or a mixture thereof) 
flows outwardly from the chamber through the sands, its pressures 
will diminish as Spindler desires and so teaches. When the pressure 
has fallen as he says, below 150 lbs. he introduces additional gas to 
cause the previously introduced gas to move through the sand for- 
mation forcing some of the oil ahead of it. As indicated by the black 


areas and the legend "bank of oil" in Exhibit 7, this is the usual result 


of gas flooding in secondary recovery. In the effective operation of 
Spindler the gas mixture moves through the sand formation at pres- 
sures not greater than 150 lbs. This is the teaching of Spindler. 


In addition, Spindler points out that with a haphazard arrange- 
ment of the output well with respect to the input wells the bank of oil 
being pushed by the fluids will not all reach the output well, unless 
the input wells are arranged in accordance with the pattern which he 
describes. He theorizes that, by that arrangement of wells, he will 
form a fluid barrier around the oil and drive it to the central output 
well. Thus, in the last analysis all that Spindler teaches is a parti- 
cular well arrangement for use with the old flooding methods which 
have long been used in this art.’ It can be seen, therefore, that there 
is not the slightest approach to the process of appellants’ claims, and 
the Board of Appeals was, therefore, wrong in its interpretation of 
this patent, regardless of what the word "higher" can be said to fairly 
mean. It is of no significance that the initial pressure is 600 lbs., if 
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it is allowed to fall off in the oil bearing sands. 


The Spindler patent discloses two methods, one using an in- 
compressible fluid, that is a liquid such as water, and the other the 
previously described process using a gas, which of course is com- 
pressible. In describing flooding with a liquid, Spindler suggests that 
the pressure may vary up to 1800 lbs. or greater, but it is definitely 
clear that when using a gas Spindler only contemplates a pressure up 
to 100 to 500 lbs. or higher. Brief reference is made to this fact be- 
cause the Examiner in the Patent Office took the view, contrary to the 
clear disclosure in the patent, that Spindler teaches the use of a gas in 
flooding operations at pressures of 1800 p.s.i. or higher. The Board 
of Appeals did not pass on this point because it concluded that pres- 
sures of 100 to 500 or higher included 600 p.s.i. If the Spindler 
patent is read carefully, it will be seen that it keeps a clear distinc- 
tion from the pressure conditions to be used when using liquids, that 
is incompressible fluids, and gases, that is compressible fluids. 


In view of the above discussion it is submitted that the Board of 
Appeals erred in holding, and the District Court in affirming, that the 
Spindler patent teaches applying carbon dioxide at an effective pressure 
of at least 600 p.s.i. into a spent oil bearing formation to recover 
additional oil therefrom. This conclusion is inevitable, because 
Spindler does not disclose the unexpected results which follow (J. A. 

52) and the art has never recognized that he taught it, at a time when 
such a process was being widely sought. Spindler draws no distinction 
between air, natural gas or carbon dioxide (J. A. 47). 


The Russell Patents 


For the purposes of this argument the two Russell patents can 
be treated as a unit, since neither distinguishes from the other in any 
respect to make it more pertinent. These patents teach that in secon- 
dary recovery a mixture of water and a gas can be used if applied in 





22 
such a way that the gas mixed in the water reappears as bubbles in the 
oil sands. For this purpose the gas and water are delivered into the 
oil well at a pressure not named and the pressure is allowed to diminish 
or fall away (J. A. 54, J. A. 315, line 111 and J. A. 319, line 25) for 
the express purpose of causing the gas mixed in the water to reappear 
as bubbles, which are then carried through the formation by the water. 
The intention is that gas bubbles have a strong affinity for the oil, 
locked in the sands, which oil will form films, on the bubbles, to be 
recovered later. 


The first of these patents states that carbon dioxide may be 
found more efficacious than air (J. A. 316, 1.39). The second patent 
equates with air, natural gas and carbon dioxide. Neither patent 
teaches that carbon dioxide is actually more efficacious than air. The 
function of the COo is purely mechanical, according to the disclosures, 
in that when the bubbles reappear in the water in the formation, they 
will serve as depositories for the oil, in the form of films surrounding 
the bubbles, which carry them along to the exit well. 


| Aside from the fact that neither patent refers to any pressure as 
being critical in carrying out the operation, each clearly discloses that 
the effective pressure, that is the pressure in the formation, must be 
low enough to permit the gas to re-appear in the form of bubbles. This, 
of course, clearly envisions a pressure very substantially below 600 
p.s.i. (J. A. 54). 


The Board of Appeals, following the Examiner, was of the 
opinion that these patents disclosed pressures above 600 p.s.i. based 
on the meaning in the art of the expression "rock pressure". This 
point is discussed in the opinion of the Board of Appeals (at J. A. 181). 
The substance of this discussion is that if a well is 2000 feet deep, 
which it must be admitted would not be unusual, a column of water 
extending from the bottom of the well to the surface of the ground 
would be at the bottom of the well under a pressure of about 1000 pounds. 
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The real significance of this fact is that in this respect the Russell 
patents are on the same footing as Spindler in that pressure at the 
bottom of the well bore is not the effective pressure in the oil bearing 
formation. Russell teaches that this pressure, even if it be 1000 p.s.i. 
at the bottom of the well bore, is allowed to diminish to the point 

where bubbles will reform in the formation. Thus neither Russell 
patent teaches appellants' invention. Even if we admit that the Russell 
patents are to be expanded by the tortous reasoning of the Board of 
Appeals, based upon an accepted definition of the term "rock pressure”, 
this interpretation comes to naught as an anticipation because Russell 
specifically disclaims maintaining that pressure, in the area where 


appellants maintain an effective pressure of 600 p. s.i. 


It is also submitted that Russell does not teach applicants’ 
process because he does not describe what he inevitably would des- 
cribe if he made appellants’ discovery. Likewise the industry would 
have recognized the importance of the discovery, if it were present, 


and would not be seeking in 1952, as Torrey tells us (J. A. 144), a 
process better than the old secondary processes. Likewise, the in- 
dustry would not be teaching at that time that the pressures must be 
kept low in order to avoid turbulence, if Russell had taught that at 600 
p.s.i., using carbon dioxide specifically, either alone or with water or 


brine, such anticipated unfavorable condition did not arise. 


Russell would certainly have recognized, as would Spindler, the 
unexpectedly large recovery of oil that results from applicants’ pro- 
cesses had he learned of them. If, as in the case of appellants" pro- 
cess at Richburg, New York, the recoveries could be increased eight- 


fold, Russell as well as Spindler would certainly have mentioned it. 


Likewise, if they had learned and were teaching appellants’ processes, 





they would have made mention of the recovery of unsaturated petro- 
leum and natural gas, where neither had heretofore occurred, since 
both are highly valuable commercial products. | 
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It is of course a universally accepted principle of patent law 
that the claims of an application or a patent must be read in the light 
of the disclosure in which they originate, and while limitations in the 
disclosure which do not appear in the claims must be ignored, the 
limitations in the claims are important. The disclosure should be 
looked to to interpret such claim limitations. 


With this thought in mind, it will be found that the phrase 
"effective pressure” in all of the claims on appeal has a very clearly 
defined meaning which serves to clearly distinguish from Russell and 
Spindler. Thus, at page 7 of the application (JA. 82) is found the 
following language: 


"* * * the effective concentration of the carbon dioxide 
at the active ‘interface’ appears to play a most impor- 
tant effect. Maintenance of pressure at the reactive 
zone is accordingly most desirable whether or not the 
pressure is maintained throughout the entire strata. 
The present invention therefore covers the use of 
carbon dioxide at the pressures indicated, both as an 
initial pressure applied to the stratum from the in- 
let zone or well, in addition to maintenance of such 
pressures throughout the strata, and any combination 
of operations including either or both of those exped- 
ients." 


Also on page 20 of the application (J. A. 92) we find the follow- 
ing language: 


"Another procedure is to subject the oil well to an 
initial CO2 drive at pressures below 500 p.s.i. and 
then follow this with a water drive at substantially 
higher pressures. It is therefore possible, by sub- 
jecting the strata to this intermittent water and CO2 
drive, to use a relatively low pressure CO2 drive and 
a high pressure water drive. In this way, an effective 
pressure of CO2 above 600 p.s.i. may be obtained as 
a result of the high pressure water drive." 
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The application sets forth a number of ways in which the process 
of the claims on appeal can be carried out, including the one last quoted 
above. The important point is from both of these quotations that the 
claims are directed to processes in which at the active area in the for- 
mation the pressure of carbon dioxide is maintained at at least 600 
p.s.i. Russell and Spindler both specifically disclose the contrary. 
Spindler requires a pressure in the active region in the neighborhood 
of 150 p.s.i. while Russell requires a pressure low enough to permit 
the formation of gas bubbles in the liquid. It is submitted that at this 
point we can see clearly that the claims which appellants seek are 
patentably distinguished from these patents. 3 


The District Judge in part at least bases his conclusion on a 
principle of patent law which applies in some cases, but which carried 
to its ultimate result in this case is erroneous. He concludes that 
experimentation with CO, at increased pressures would have been indi- 
cated to those skilled in the art and that the discovery of the enhanced 
usefulness of CO, at pressures in excess of 600 p.s. i. was but a 
natural development. This is an unreasonable application of the prin- 
ciple and an unreasonable conclusion when one takes into account the 
fact that Spindler issued in 1931 and Russell in 1924 and 1928. In 
addition, the art has definitely and as naturally would be expected, 
earnestly sought some method of recovering the vast quantities of oil 
trapped in the spent wells of the United States, if not the world. 


If it is obvious in view of Russell to experiment with higher 
pressures in view of the valuable results attained, why did the indus- 
try wait 25 years until appellants made this development. It would 


seem that this is a conclusive answer to the conclusion of the District 
Court Judge. The truth of the matter is that working at higher pres- 

sures was not obvious if for no other reason than that it was believed 

that at high pressures turbulence would occur, blocking the recovery 

of the oil. | 
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Furthermore, it is submitted that, if after the fact, it does seem 
obvious to proceed to higher pressures in the light of the teaching in the 
prior art, there still remains the fact that when an unexpected result 
is secured the experimenter is clearly entitled to a patent, under the 
patent statutes. 


Patents are granted to those who invent or discover any new and 
useful process. 35 U.S.C. (1952) Section 101. Furthermore, the 
patent statutes make it clear that patentability is not to be determined 
by the manner in which the invention or discovery is made 35 U.S.C. 
(1952) Section 103. 


The purpose of the patent laws of the United States is to stimu- 
late invention to the end that the public will be benefited by new invention 
and discovery. The appellants, proceeding in the face of the teaching in 
the art, made a discovery of substantial, and in fact, enormous econ- 
omic value, and they and they alone found the key to success. | 


Assuming that it was obvious to proceed to higher pressures, of 
whatearthly value to the public is that fact unless some bold pioneer 
takes the step, and then, contrary to expectation (Henry's law) he finds 
something of great value not heretofore known. It is in just such situa- 
tions as this that the patent statutes offer the limited award of a patent 
in exchange for the discovery. It is little solace to the pioneer who ex- 
pends great time, effort and money and runs the risks of failure to be 
faced, when he suceeds, with the fine spun analysis of the prior art, 
as indulged in by the Board of Appeals and the District Court. The 
denial to him of protection, for that which was not known before and 
which was wholly unexpected, is contrary to the very purpose of patent 
law. 


It has been recognized by this Court that if a person proceeds 


contrary to the knowledge and teaching in the art and arrives at a new 
and unexpected result an invention is clearly indicated. 
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This point was discussed by Judge Miller in Mathieson Alkali 
Inc. v. Cole, Comm. Pats. 99 F. (2d) 443, 39 U.S. P. Q. 96 (App. D. C. 
1938). At page 447, Judge Miller said: 


In our view, therefore, the discovery made by the 
applicants in this case constituted invention. Their 
process was not taught by the prior art; in fact it con- 
tradicted the teachings of the prior art, * and in so doing 
produced a new and useful result.* It met a long standing 
need of the industry* - a practical method of bleaching 
cellulosic material without deteriorating the material 
itself; and it constituted a marked advance in the art." 

*Refers to many cited supporting cases. : 

The District Court also gave a particularly apt discussion in 
Switzer et al. v. Marzall, Comm. Pat. 105 Fed. Supp. 841, 94 U.S.P.Q. 
368 (D.C. Dist.Col. 1952). In this case involving the discovery of an 
unexpected result, at page 843 the Court in finding for the appellant, 


stated: 


"* * * 'An unexpected result does not es a in- 


vention’. And that is of course true, an unexpected result 
does not of itself, or alone, constitute invention. But let 
us not forget that the Constitution authorized patent laws 
for the protection of 'discoveries'. If an unexpected re- 
sult does not constitute invention, it certainly should not 
disparage an inventor's accomplishment. If a fisherman 
catches a bigger or more valuable fish than he had ex- 
pected, it does not detract from the glory of his catch 
because he used the customary gear or fishing tackle. 
The extraordinary nature of an accomplishment implies 
an extraordinary use or application of the ordinary im- 
plements and a more profound understanding of the 
Science, art or craft; and if the use or application is 
original and useful, it is invention. If the trend of the 
teaching of prior art had been against such use for the 
desired result, (as in this case - record pages 46 and 
47) then that is additional proof of invention. A sound 
public policy supports the provision of the patent law 

to promote the progress of science by securing to in- 
ventors the exclusive right to their 'discoveries'." 
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This principle is continually recognized by the Courts, as 
evidenced in the case of Zonolite Co. v. United States, 113 U.S. P.Q. 
226 (not reported elsewhere), decided April 3, 1957 by Judge Laramore 
of the Court of Claims of the United States. Judge Laramore opined: 


"That the novel combination defined in the Goff claims 
was not obvious to those skilled in the trade is confirmed 
by testimony to the effect that the Goff system was origi-. 
nally met with skepticism. The trade doubted that a system 
without structural protection around the insulating material 
could be feasible. The fact that the feasibility and opera- 
bility of the Goff system can easily be seen now is of little 
import. Hindsight cannot support an assertion of obvious- 
ness. If the Goff system was obvious it certainly would 
have been used before the patent was issued because the 
system presents many advantages over the prior art. As 
stated in Brown et al. v. Brock et al., 112 U.S. P.Q. 

199, 202 (4th Cir. , 1957): 


'* * * The contention of obviousness is more readily 
conceived after the event than is the solution while the 
problem remains unsolved. In respect to patents, as 
in other concerns of life, human experience teaches that 
"obviousness" is often much clearer after the event than 
before; solutions which have remained persistently elus- 
ive leap distinctly into view after someone else has pointed 
them out.’ * * *’ 

The facts in this case fall within established principles of law 
applied by this Court, The District Court and the Board of Appeals. 
For example, in Ex parte Schuck, 77 U.S.P.Q. 184 (P.O. Bd.of Apps. 
1948) (not reported elsewhere), the Board of Appeals of the Patent 
Office approved the principle that if experimentation results in the 
discovery of a new and unexpected result not taught by the prior art, 


the grant of a patent is justified. 


The decision of Judge Wilkins in Evans v. Watson, Comm. Pats. 
142 Fed. Suppl 225, 110 U.S.P.Q. 478 (D.C. Dist. Col. 1956), also made 
the applicable observation: 
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"* * while the mechanical change was obvious, the 
fact was not." ! 

This principle applies equally well in process cases, namely that 
even if the thing which was done is obvious, it is invention if the result 
is not obvious and is unexpected. Pacific Contracting Co. v. Bingham, 
62 Fed. 281 (Cir.Ct. N.D. Calif. 1894), General Electric Co. v. Nitro 
Tungsten Lamp Co., 266 Fed. 994 (CCA 2, 1920). 


There are many decisions supporting the proposition that if the 
thing done produces new and unexpected results the grant of a patent is 
warranted and the patent is valid. A leading case on this proposition is 
Bibel Process Co. v. Minnesota & Ontario Paper Co. 2 261 U.S. 45, 

43 S.Ct. 322, 67 L. Ed. 523 (1923). 


This is a leading case m the point that an unexpected or dis- 
proportionate result obtained by carrying forward existing knowledge in 
the art is patentable. This suit concerned the Fourdrinier Paper Making 
machine long known and widely used in the manufacture of newsprint 
paper. The parts of the old machine were strengthened and the stock 
used in it was improved with the result that the speed of the machine 
could be brought up to between 500 and 600 feet of paper per minute. 
However, at such speeds defects in the paper resulted such as waves 
and ripples which could only be eliminated by reducing the speed of the 
machine below 500 feet per minute. Ejibel's invention made it possible 
to increase the speed to 600 or 700 feet per minute or more and still 


produce a good product. 


He did this by increasing the pitch of the wire at the initial point 
from 15 to 24 inches giving the stock the added force of downhill flow 
and increased the speed of the machine accordingly so that the speed of 
the stock and the speed of the machine were increased cooperatively. 
He reached these results by experiment and actual trial. The patent 
was held valid. : 


Other cases on this point are: 
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Electronics, Inc. et al:v. Coe, Comm. Pat. 99 F.(2d) 414, 38 
U.S. P.Q. 370 (App. D.C. 1938) 

Frick v. Coe, Comm. Pate: 27 F.Supp. 913, 41 U.S. P.Q. 
603 (D. C. Dist. Col. 1939). 

In re Hass and Susie, 141 F.(2d) 122, 60 U.S.P.Q. 544 
(CCPA 1944). 

Parker et al v. Marzall, Comm. Pat. 92 Fed. Supp. 736, 86 
U.S. P.Q. 446 (D.C. Dist. Col. 1950). 


Judge Luhring made a pertinent observation in Frick v. Coe, 


supra, at page 914: 
"The new compositions of the Frick invention present 

a new and unexpected result and the court is of the opin- 

ion the claims here presented define a patentable advance 

over the art of record, and should be allowed." 

See also the remark of Judge Letts in Parker et al v. Marzall, 
supra, at page 738: 

“The evidence produced at the trial proves that the 
compounds claimed by plaintiffs possess some unobvious 

and unexpected beneficial properties not possessed by the 

homologous compound disclosed in the prior art defense 

patents." 

While there might be situations in which the discovery of an un- 
expected result is not patentable, under the decisions, they are few 
and far between, and as a matter of principle under the patent statutes 
they are hard to justify. 


Where the thing done solves a long standing need, and especially 
if it is of real commercial value, patentable invention is indicated if 
there is any novelty in it. 


Kelley et al v. Coe, Comm. Pat. 99 F.(2d) 435, 39 U.S. P.Q. 
57 (App. Dist. Col. 1938). 
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Thornton v. Coe, Comm. Pat. 102 F.(2d) 247, 69 App. D.C. 383 
(App. Dist. Col. 1938). 


Levin v. Coe, Comm. Pat. 132 F. (2d) 589, 55 v. S.P.Q. 224 
(App. Dist.Col. 1942). 


The Goodyear Tire & Rubber Co. et al v. Ray-O-Vac Company, 
321 U.S. 275, 88 L. Ed. 721, 64S. Ct. 593 (1944). 


In Kelley et al v. Cole, supra, Judge Miller said at page 437: 


"While it is true that at first glance Kelley's method 
may seem to be merely an advance in degree over the 
prior art, nevertheless, we are of the opinion that the 
extreme and well-recognized need for an effective 
method of dust control, the prior but unsuccessful 
attempts of others over a period of years, and finally, 
Kelley's success where all others had failed, constitute 
persuasive evidence of invention." 


In Thornton v. Cole, supra, Judge Stephens a at page 252: 


"* * *"Where the method or device satisfies an old 

and recognized want, invention is to be inferred, rather 

than the exercise of mechanical skill. For mere skill 

of the art would normally have been called into action 

by the generally known want’. Citing Cases." 

An examination of the cases cited above will show that in some 
instances these principles were applied in cases of doubt as to paten- 
tability. It is submitted that they have still greater force in cases 
such as here where the record so clearly demonstrates that what was 
discovered was not taught or suggested by the prior art. This obser- 
vation is particularly forceful in this case where the District J udge 
actually found as a matter of fact that appellants mae an ae 
and commercially valuable discovery. 


A very significant factor to be considered is the unsuccessful 
attempt of prior workers in the field to solve the same problem. Such 
considerations are often favorable determinatives in finding a patent 
for the successful solution valid. Justice Roberts applied this principle 
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in Goodyear Tire & Rubber Co. v. Ray-O-Vac Co., 321 U.S. 275, 278 
64 S.Ct. 593, 594 (1944), where in sustaining the validity of a patent for 
a leakproof dry cell used as a flashlight battery, said: 


"The District Judge made findings, which have support 
in the evidence, to the following effect: That the problem 
presented was old and no solution was attained prior to 
Anthony's invention; that the respondent began marketing 
the patented cell in 1939 and was the first to guarantee its 
product against sticking in the flashlight case; that the cell 
met with immediate commercial success due to the advan- 
tages of its construction and not to extensive advertising. 
In his opinion he examined the prior art and showed that 
none of the workers in the art had met the problems of 
leakage and swelling in the way suggested by Anthony 
and that most of the cited patents had not in fact been 
addressed to these problems." 


* * 1 *x 


"Viewed after the event, the means Anthony adopted 
seem Simple and such as should have been obvious to 
those who worked in the field, but this is not enough to 
negative invention. During a period of half a century, 
in which the use of flashlight batteries increased enor- 
mously, and the manufacturers of flashlight cells were 
conscious of the defects in them, no one devised a method 
of curing such defects. Once the method was discovered 
it commended itself to the public as evidenced by marked 
commercial success. These factors were entitled to 
weight in determining whether the improvement amounted 
to invention and should, in a close case, tip the scales in 
favor of patentability. Accepting, as we do, the findings 
below, we hold the patent valid and infringed." 


Judge Learned Hand reached a similar result under similar 
circumstances in Safety Car Heating and Lighting Co., v. General 
Electric Co., 155 F.2d 937 (CCA 2nd 1946). In that case he recog- 
nized, as a sound test of what is patentable invention, as one which 
gives full consideration to an industry's need for the invention, the 
number of those who unsuccessfully sought to meet that need, the 
result successfully accomplished by the invention, and its reception 
by the industry. Later Judge Hand reapplied this principle following 
the same considerations in Lyon v. Bausch & Lomb Optical Co., 
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224 F.2d 530, 535 (CCA 2nd 1955) cert. denied 350 U.S. 911, rehear- 
ing denied 350 U.S. 955 (1956). In that case he had the occasion to say: 
"The most competent workers in the field had for at 

least ten years been seeking a hardy, tenacious coating 

to prevent reflection; there had been a number of at- 

tempts, none satisfactory; meanwhile nothing in the 

implementary arts had been lacking to put the advance 

into operation; when it appeared, it supplemented the 

existing practice and occupied substantially the whole 

field. We do not see how any combination of evidence 

could more completely demonstrate that, simple as it 

was, the change had not been 'obvious* * * to a person 

having ordinary skill in the art’ -- Section 103." 

It is submitted that the District Court in this case completely 
ignored these principles and based its decision on the assumption of 
administrative correctness of the conclusion of the Patent Office. The 
unrealistic principle of administrative correctness, in the last analy- 
sis, completely wipes out the value of an action under Section 145. It 
ignores the additional proofs of invention, as clearly established by the 
record below. These considerations destroy any vestige of logic which 
the principle of administrative correctness might have under other cir- 


cumstances. | 
The Findings of Fact : 
| 
First of all it is noted that it is well established in this Court 
that if the findings of fact and conclusions of law of the District Court 
are in error, reversal by this Court is required. Poulsen et al v. Coe, 


Comm. Pats. 119 F.(2d) 188, 48 U.S.P.Q. 673 (App. D.C. 1941). 


There is error in the District Court's findings both on their face 
and in view of the record in this case. On their face the findings Nos. 
13 and 14 are completely contrary to the findings of Nos. 15 to 18 in- 
clusive. It was found in No. 13 that applicants’ disclosure proved that 
the extrapolated figures of the American Institute of Mining and Metal- 
lurgical Engineers were erroneous, and that applicants (No. 14) obtained 
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unexpected results from the use of carbon dioxide at pressures in ex- 
cess of 600 p.s.i. for oil recovery purposes, and finally that their dis- 
closure is of substantial economic value. On the other hand, it was 
found (No. 15) that experimentation with carbon dioxide at increased 
pressures would be indicated to those skilled in the art. While such a 
finding has little meaning, it is submitted that what meaning it has is 
contrary to the record where the art waited twenty-five years for this 
experimentation. 


In No. 16 the effect of the finding is that the discovery of the en- 
hanced usefulness of carbon dioxide at 600 p.s.i. was a natural develop- 
ment. This statement has little meaning and in any event is contrary 
to the record in this case since it was really an unnatural development, 
brought about by the pioneering boldness of applicants to move in the 
face of the teaching in the art that higher pressures were undesirable. 


Finding No. 17 is contrary to finding No. 14 since applicants 
did prove patentable invention by showing that they got an unexpected 
result. It follows, therefore, that the ultimate finding of No. 18 is in 
clear error. 


The District Court also erred in not granting appellants’ motion 
in that Court to amend Findings Nos. 9(b) and(c) and 12. With regard 
to 9(b), applicants requested that the language in the last three lines, 
“by alternately forcing each into the oil bearing sands the mixture of 
the two taking place in the sands", be stricken and in place thereof the 
following language substituted: 

| "* * * under conditions to form gas bubbles through- 
out the oil sand. Plaintiffs' proofs establish that above 


a pressure of 600 p.s.i. no bubbles can form when car- 
bon dioxide is used." 


“< 
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It is true, of course, that the Russell patents teach the alter- 
native introduction of the liquid and the gas to form a mixture in the 
sand, but this is of no real importance. The really important fact is 
that this introduction is performed in such a way as to form gas bub- 
bles throughout the oil sand. A matter of much greater importance, 
however, is the fact that plaintiffs have proved that above pressures 
of 600 p.s.i. no bubbles can form when carbon dioxide is used (J. A. 54 
and 72). 


With regard to 9(c) applicants propose that | be inserted 
after the word "pressure" in the sixth line from the bottom of J. A. 
352, the words "up to a pressure of 500 p.s.i." The record shows 
that the viscosity of the oil in the formation with increasing pressure 
does decrease up to 500 p.s.i. but above that pressure a reverse con- 
dition exists; decreasing viscosity (J. A. 64), ceases to be an advan- 
tage because turbulent flow begins. 


Applicants also requested that Finding No. 12 be amended by 
adding at the end: : 


"This article goes on to indicate that one skilled in the 
art would expect a reversal of this trend of benefits." 


This is supported in the record (J. A. 64, 1st paragraph) and is con- 
cerned with the fact that those skilled in the art would expect that at 
pressures in excess of 600 p.s.i. the results would be even less 
beneficial than at lower pressures, contrary to the fact that they are 
unexpectedly much more beneficial when using carbon dioxide. 


If these changes are made the Findings will have more sub- 
stance and be more in accordance with the record and will serve to 


give more meaning to the correct Findings No. 14. Findings 15, 16 
and 17 should be eliminated and the Finding No. 18 should be changed 
to change the word "unpatentable" to "patentable". | 
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It is respectfully submitted that both on the face of the Findings, 
and in view of the record of this case, the District Court was in error 
and correction thereof, as requested, should have been granted. In 
addition, this Court should modify the Findings 15 to 18 inclusive, as 
discussed above. 


CONCLUSION 


It is respectfully submitted, in view of the foregoing, that the 
District Court reached an erroneous conclusion in these cases. 


It is further submitted that the Findings of Fact and Conclusions 
of Law should be modified to the end that the Commissioner of Patents 
be instructed to issue Letters Patents based on each of the applications 
here involved. 


Respectfully submitted, 
BACON & THOMAS 


By 
Shoreham Building 
Washington 5, D. C. 


LOUIS D. FLETCHER Attorneys for Appellants 
DARBY & DARBY 

405 Lexington Avenue 

New York 17, N. Y. 


Of Counsel 
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UNITED STATES COURT OF APPEALS 
For The District of Columbia Circuit _ 


Nos. 14,153-4 


JAMES W. MARTIN, et al., 


Appellants, 
Vv. | 
ROBERT C. WATSON, 
Commissioner of Patents, : 
Appellee 


i 
APPEAL FROM THE JUDGMENT OF THE UNITED STATES; DISTRICT 
COURT FOR THE DISTRICT OF COLUMBIA | 


PETITION FOR REHEARING 


Appellants conclude from a study of the Per Curiam decision of 
May 8, 1958, in this case, that they have failed to make clear to the 
_Court the patentable distinction between their process and the prior art. 
This seems the only reasonable conclusion because the case of Dow 
Chemical Co. v. Halliburton Oil Well Cementing Co., 324 U.S. 320, re- 
confirms the principle of patent law, applicable in all respects to the 
new teachings of appellants, which by the tests of the Dow case are 
patentable. | 


In a few words, the distinction between what appellants seek to 
claim and what the Spindler and Russell patents disclose is that in the 
former the pressures claimed are created and maintained in the oil 
bearing formation while in the latter they exist a at the bottom of 
the input well. 
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A new approach in explaining this difference may be helpful to 
the Court in re-examining the case. At page 7 of appellants’ applica- 
tion (JA 82) it is stated: 


"x * * the effective concentration of the carbon 
dioxide at the active ‘interface’ appears to play 
a most important effect. Maintenance of pres- 
sure at the reactive zone is accordingly most 
desirable whether or not the pressure is main- 
tained throughout the entire strata. The present 
invention therefore covers the use of carbon 
dioxide at the pressures indicated, both as an 
initial pressure applied to the stratum from the 
inlet zone or well, in addition to maintenance of 
such pressures throughout the strata, and any 
combination of operations including either or 
both of those expedients."' 


On page 20, of the same application (JA 92) occurs the following 
language: 
“Another procedure is to subject the oil 
well to an initial CO, drive at pressures below 
500 p.s.i. and then follow this with a water drive 
at substantially higher pressures. It is there- 
fore possible, by subjecting the strata to this in- 
termittent water and COs drive, to use a relatively 
low pressure CO, drive and a high pressure water 
drive. In this way, an effective pressure of COe 
above 600 p.s.i. may be obtained as a result of 
the high pressure water drive." 

: The clear statement of this language is that appellants create and 
- maintain a pressure above 600 p.s.i. on the carbon dioxide at the "inter- 
face" or reaction zone. This "interface", as will be explained, travels 
slowly through the oil bearing formation and the essence of the inven- 

_ tion is effectively to maintain a pressure above 600 p.s.i. on the carbon 

_ dioxide in this critical zone, in order to get the unexpected results of 


the invention. Appellants have probably not made clear what the "inter- 


face" or reaction zone is and how it occurs. 
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Appellants' Exhibit 7 (JA 266) provides a helpful visual representa- 
tion of what occurs in an oil bearing formation when a pressurized fluid, 
capable of extracting the oil from the formation, is forced through it. 
The pressurized fluid is driven from the input well at its lower end 
into the surrounding oil bearing formation in which the lower end of the 
well terminates. This fluid extracts the retained oil from the formation, 
building up a wall or bank of viscous oil which is quite similar to a bal- 
loon gradually expanding in size, as the wall or bank moves towards an 
output well. This expanding wall is composed of heavy viscous petro- 
leum extracted from the sand and can be thought of as a sealed container 
which is expansible. It can be readily appreciated, since this wall moves 
through the sand very slowly, that a desired fluid pressure can be built 
up behind it, that is within the balloon. The trailing surface of this wall 
as it advances slowly exposes the oil bearing sand to the action of the 
pressurized fluid within the balloon. Thus the trailing face of the wall 
is properly called the "interface" or reaction zone. It represents a 
region in which the pressurized fluid acts upon the oil bearing sand and 
extracts the oil from it, adding it to the advancing wall. 


The above quotations, from appellants’ application, describe their 
discovery that, if the pressurized fluid is carbon dioxide (either alone 
or in admixture with water or brine), and if its pressure at the "inter- 
face" or reaction zone is maintained above 600 DHA. unexpectedly 
large quantities of oil will be extracted from the oil bearing sand. No 
other gas is known to have this property (JA 48 and 53). This increase, 
over and above what would be expected, is clearly illustrated graphically 
by appellants’ Exhibits 9, 10, 11 and 17 (JA 271-274 and 304). This in- 
crease in recovery is amply demonstrated by the record, and is believed 
from the Per Curiam decision to have been accepted as being well be- 
yond any normal expectation, representing a matter of real economic 
importance to the industry and the nation. ! 


The record amply discloses that in the Spindler and Russell 
patents this advance over the prior art is not taught, even if we admit 
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arguendo that one or the other of these patentees contemplated as with- 


in their disclosure the use of pressures at 600 p.s.i. or even higher in 
and at the bottom of the input well. Spindler specifically teaches (JA 

47 and 312) that his discovery consists of moving the pressurized fluid 
through the oil bearing formation starting at pressures of "approxi- 
mately 150 lbs." in the injection well. He states that this causes the oil 
to flow outwardly to the output wells, which, as in appellants' case, 
would be the expanding wall of the imaginary balloon. The fluid pres- 
sure of the Spindler process within this balloon, of course, cannot 
exceed a pressure of 150 lbs. at the "interface" or in the reaction 

zone. Furthermore, at such low pressure all of the carbon dioxide 
would dissolve in the oil leaving no pressure effective in the oil forma- 
tion (JA 51). This Court will take judicial notice of the scientific fact 
that the pressure within a closed vessel is exactly the same at every 
point therein. The oil bank balloon is like a rubber tire, which this 
Court knows will have the same pressure within it at every point. Thus 
Spindler says that the highest effective pressure that he uses, anywhere 
within the expanding balloon, and hence in the oil bearing structure, is 
150 Ibs. 


Appellants have conceived a process, using carbon dioxide at 
600 p.s.i. and maintaining it at that pressure in the reaction zone, 
which produces a startling deviation from expectation. As the record 
shows (JA 40), this can only be explained scientifically as demonstrat- 
ing that a chemical reaction occurs else this sudden increase in extrac- 
tion of the petroleum could not occur. Thus pressures of 600 lbs. and 
higher are critical pressures which by appellants' process must be 
created and maintained at the "interface" or in the reaction zone in 
order to get the benefits of their invention. This result is unexpected, 
and under established principles is a patentable discovery, especially 
because it was a step taken in the face of the teaching in the art (JA 45). 
At the time of appellants’ discovery, the industry taught that improve- 
ments in the oil recovery art should be sought in the lower pressure 
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ranges because, in accordance with well known knowledge in the art at 


higher pressures the dangers and disadvantages of turbulence in the 


oil formation were to be avoided. | 


The same analysis applies to the Russell patents which nowhere 
mention pressures. The Court has followed the erroneous lead of the 
lower Court and the Patent Office in including pressures of 600 lbs. or 
higher within the Russell disclosures, because the bottom hole pressure 
("rock pressure") of a well of the proper depth might be higher. This 
scientific fact cannot be denied, but it does not follow that its existence 
discloses the creation and maintenance of a pressure of 600 lbs. or 
higher at the "interface" or in the reaction zone. Indeed, Russell like 
Spindler teaches the exact opposite as the essence of his invention. 
Regardless of the pressure at the bottom of the well, Russell teaches 
that in the oil formation, the place of reaction, the pressure is allowed 
to diminish (JA 315 and 319). Russell considers this by his own state- 
ments to be the essence of his invention because his pressurizing fluid 
is a water solution of carbon dioxide from which it is necessary to per- 
mit the gas to reappear in the form of bubbles, as free carbon dioxide, 
in order to get the alleged advantages of his process. This means that 
the pressure on the solution of water and carbon dioxide must fall well 
below 600 p.s.i. (JA 54), in order that these bubbles may form. The 
pressure of the mixture of water and bubbles, thus present in the oil 
formation, that is within the expanding balloon, is well below 600 p.s.i. 
This is another way of stating what is obvious, namely that at the "inter- 
face", or in the reaction zone the carbon dioxide within the Russell 
balloon is well below the critical pressure which characterizes what 
appellants teach and for which they seek patents. | 


Thus appellants are entitled to patents, first, because moving in 
the face of scientific knowledge and practical experience in the art 
they got an unexpected result in the form of a chemical reaction pro- 
ducing a very substantial increase in the amount of oil recovered, and 
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second, they did it by operational changes not taught in the prior art. 
They not only moved into a critical pressure range, with an unexpected 
chemical change, but they taught the necessity of staying within that 
range. When we consider that these steps were contrary to those taken 
by that very segment of the prior art over which the Court says they 
have not made an invention, every test of patentable invention has been 
met. Spindler and Russell say that their invention consists in subject- 
ing the oil bearing formation to carbon dioxide at pressures well below 
600 p.s.i. As a result they got nothing more startling than prior work- 
ers in the art got using water, air, and nitrogen, for example, regard- 
less of the pressures used. 


The Dow case, supra, is authority for the proposition that what 
appellants have done justifies patent protection. At page 329, Mr. Jus- 
tice Murphy said: 

"* * * The mere addition of water to dilute a known 
chemical solution does not entitle one to a patent 
monopoly, at least unless a definite dilution point or 
range is discovered corresponding to a physical 
phenomenon. Kwik Set v. Welch Grape Juice Co. 
(CCA 2d) 86 F. (2d) 945, 947." 

In the present case, operating in the critical pressure range of 
600 p.s.i. or higher, uncovered a definite criticality which corresponds 
to a new phenomenon, that is a beneficial chemical reaction. 


The Kwik Set case strongly confirms this principle. Certainly 
this language serves to explain the fallacy of the proposition that all 
that appellants did was to move a little higher in a known pressure 


range, and thereby get a result which differed only in a minor degree. 
The Court in the Kwik Set case said at page 947: 


“A patentee may not arbitrarily select a point 
in the progressive change and maintain a patent 
monopoly for all operations in that progressive 
change falling on one particular side of that arbi- 

-trarily selected point. It is only where the select- 
ed point corresponds with the sical phenomenon 
and the patentee has discovered the point at which 
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that physical phenomenon occurs that the main- 
tenance of a patent monopoly is admissible. alah 
(underscoring ours). | 


Forgetting legalistic argument, and fine spun theories for the 
moment, let us ask ourselves the question, does the record of this case 
demonstrate that the art knew that a great deal more of the very thing 
that was being sought by the processes of that art could be obtained as 
a result of an unexpected reaction at 600 p.s.i. The answer is empha- 
tically — no. It is demonstrated because Spindler and Russell have 
never made any imprint on the art and have never had any commercial 
use (JA 54). It is further demonstrated by the fact that neither of these 
patentees talked about such a discovery. The normal, natural, human 
probabilities of the situation are that they would have talked about the 
discovery had they made it. The record shows that appellants’ process 
will remove from 50 to 70% of all of the oil remaining in a sand forma- 
tion after it has been processed by all the previous processes which at 
one time or another had been actually used commercially. This isa 
matter of vast economic importance, and yet this Court denies the 
appellants, who have taught for the first time how to do it, the limited 
protection of patents, the very benefaction which is the object of the 
American patent system. Compare Circuit Judge Burger's specially 
concurring opinion in C. H. Boehringer Sohn v. Watson, 117 USPQ 223. 


At the risk of repetition, appellants cannot avoid commenting on 
the statement in the Per Curiam decision to the effect that: 


"Appellants' process includes altogether too much 
of what was already known to entitle them to pat- 
ents because unexpectedly good results came to 
light by the addition of greater pressure at the 
subsurface level than had been exactly — 
by prior disclosures." 


The essence of the process as claimed is a ee pressure created 
and maintained at a particular place, all of which is new. The prior art 
nowhere discloses this "essence". 
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The Court neutralizes this advance in the art by referring to 
pressures “at the subsurface level", an unhelpful generalization. It is 
Significant, however, that earlier in this decision the Court correctly 
defined appellants’ process as being performed under critical conditions 
in the "formation". "Subsurface level" in the prior art can mean noth- 
ing more than the pressure at the bottom of the input well. Appellants’ 
claims are limited to what happens in the oil bearing formation, i.e. 
to the conditions effective in the reaction zone. Thus appellants’ pro- 
cess includes a great deal more than what was already known, involving 
operational change and unexpected result, which must in any reasonable 

interpretation of the patent statutes justify patent protection, see page 
27 of Brief for Appellants. 


Appellants solicit and would welcome an opportunity to present 
their views orally, but would be happy, of course, to have the Court 
reconsider the case in the light of the above discussion and reverse 
the lower tribunals. 


Respectfully submitted, 
HARRY W. F. GLEMSER 


FRANCIS D. THOMAS, JR. 


DY Feeney te J homie ] 
Francis D. Thomas, Jr. 4, 
Shoreham Buildi 


ing 
Washington 5, D. C. 


Attorneys for Appellants 





LOUIS D. FLETCHER 
DARBY & DARBY 


405 Lexington Avenue 
New York 17, N. Y. 


Of Counsel 
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Anited States Court of Appeals 


FOR THE DISTRICT OF COLUMBIA 


Appeal Nos. 14,153 and 14,154 


JAMES MarTIN AND FREDERICK A. HESSEL, JOHN R. 
Rust anpD Irvine P. HAMMER, APPELLANTS 


Vv. 


RoBert C. WaTsoN, COMMISSIONER OF PaTENTS, 
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BRIEF FOR THE COMMISSIONER OF PATENTS 


CLARENCE W. MOORE, 
Solicitor, United States Patent Ofice. 





STATEMENT OF QUESTION PRESENTED 


1. Whether, where the use of various gases, includ- 
ing carbon dioxide, for oil recovery from spent wells, 
at pressures of 500 pounds per square inch or higher 
was old in the art, and where it was also known that 
earbon dioxide is more soluble in oil than other gases, 
that its solubility increases with increased pressure, 
hence more effective in decreasing oil viscosity, and 
that viscosity is the most important physical char- 
acteristic of crude oil affecting its flow in an oil-bear- 
ing strata, use of carbon dioxide at pressures in excess 
of 600 pounds per square inch was critical or only a 
discovery which would have been indicated to those 
skilled in the art and but a natural development 
thereof. 
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Gnited States Court of Sipeals 


FOR THE DISTRICT OF COLUMBIA 


Appeal Nos. 14,153 and 14,154 


JAMES W. MarTIN, ET AL., APPELLANTS ! 
v. 


Rosert C. Watson, COMMISSIONER OF PATENTS, 
APPELLEE 


BRIEF FOR THE COMMISSIONER OF PATENTS 


INTRODUCTION 


This is an appeal from the judgments (J. A357 1) 
of the United States District Court for the District of 
Columbia, dated June 25, 1957, dismissing two com- 
plaints (J. A-1 and 3) against the Commissioner of 
Patents, defendant—appellee, C. A. No. 4241-55 and 
C. A. No. 4242-55, in actions brought under the pro- 
visions of Section 145 of Title 35 United States Code, 
in which a decree was sought authorizing the Com- 
missioner to grant two patents based upon and con- 
taining certain claims of the Martin et al., patent 
applications, Serial Nos. 102,306 and 103,236 filed 
June 30, 1949 and July 6, 1949, respectively, and 
entitled “Recovery of Hydrocarbons’’ and “Hydro- 
carbon Recovery From The Earth”, respectively. 

(1) 
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At the trial, it was agreed that a single record would 
suffice for both cases (J. A-8). 

The complaints were dismissed by the trial Court 
after a hearing at which appellants introduced expert 
testimony and numerous documentary exhibits, be- 
cause none of the claims in suit define anything 
inventive or patentable over the prior art (Finding 
of Fact No. 18—J. A.-353), and therefore plaintiffs 
(appellants) were not entitled to letters patent (Con- 
clusion of Law No. 3—J. A-354). Notices of appeal 
were filed on August 27, 1957 (J. A-358, 359). The 
two suits were consolidated for the purpose of appeal 
in this Court. 


APPELLANTS’ APPLICATIONS 


The subject matter of the two Martin et al. applica- 
tions at bar relates to a process for the recovery of 
hydrocarbons, such as petroleum, from subterranean 
strata or formations. The first application Serial No. 
102,306 acknowledges that both gaseous and liquid 
drives at relatively low pressures had been suggested 
for the recovery of residual oil remaining in such for- 
mations after the primary recovery operation, but 
indicates that even with those gas drives and water 
flooding operations some 60% of the original oil in 
the formation remains therein (J. A-79). Martin 
et al., allege that by the use of carbon dioxide at high 
pressure, that is pressures of about 600 pounds per 
square inch or above (J. A-80), the residual oil con- 
tent is reduced to as little as 10% and less (J. A-81). 
The carbon dioxide is used as such or in solution in 
water (J. A-81). The pressures used may be the 
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initial pressure of introduction of the carbon dioxide | 
into the formation (J. A-81), although for best re-| 
sults it is said that the pressure should be maintained 
throughout the entire formation (J. A-82). The use 
of adjuvants, such as methane or natural gas, with 
the carbon dioxide for particular purposes is disclosed. ! 
(J. A-91). When carbonated water is used it may. 
first be prepared and then introduced at the desired | 
pressure into the formation, or streams of water and 
carbon dioxide may be passed intermittently or con-. 
currently into the formation to form the carbonated 
water in situ (J. A-91). Application of the process. 
in general to any oil containing strata is suggested, 
and particularly those which do not lend themselves 
to economical recovery by other methods of secondary 
recovery (J. A-88). 

The second application, Serial No. 103,236, deaetibea 
a modification of the basic process of the first applica- 
tion in that the carbon dioxide is used in the presence 
of aqueous solutions of salts, such as brines, which are 
said to modify or enhance the hydrocarbon recovery 
(J. A-191). The carbon dioxide and salt solution may 
be introduced separately into the formation, or to- 
gether, or intermittently, or simultaneously or in 
repetitive alternation (J. A-192). Brines, either 
natural or artificial, are said to be effectively employed 
for the purpose, a good example is said to be Bea 
water (J. A-193). 


THE CLAIMS 


There are four claims at issue in the first applica- 
tion. The claims are found in the joint appendix 
at page 75. Of these claims claim 1 is representa- 
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tive and of broadest scope, since all the others de- 
pend upon it. No contention was made below and 
none'is made here that any one of the other claims 
contains any limitation which would make it patent- 
able over claim 1, in the event that this Court should 
find that there is no error in the finding of the trial 
Court that claim 1 is unpatentable over the prior 
art. Under these circumstances it is believed to be 
evident that the claims stand or fall together. 

There are two claims at issue in the second appli- 
eation; the claims are found in the joint appendix 
at page 76. Admittedly the subject matter defined 
in these claims is only slightly different from that of 
the claims of the first case (J. A-8). The same prior 
art and the same issue of patentability is present. 
The trial Court did not consider these claims sepa- 
rately; they were'treated as a group along with those 
of the first application. No contention was made 
below and none is made here that these claims would 
be patentable if the claims of the first application are 
finally adjudicated to be unpatentable. Under these 
circumstances it is believed to be proper to say that 
these claims stand or fall with those of the first 
application. 

THE PRIOR ART 


The prior art relied upon and urged by appellee 
as negativing invention and patentability, as pointed 
out in Finding of Fact No. 9—J. A-352 is as follows: 

(1) The Spindler patent No. 1,826,371 issued Octo- 
ber 6, 1931 (J. A-305) which describes a layout and 
method of working oil fields by which larger yields of 
oil may be obtained from partially depleted oil sands 
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or strata by feeding fluids, either liquid or gaseous, 
under pressure into the strata (J. A-309). Among 
the gases disclosed as useful for the purpose is carbon 
dioxide (J. A-311) and the pressures used are sub- 
stantial, varying up to 100 to 500 pounds or higher 
(J. A-312). | 

(2) The Russell patents No. 1, 511,067 issued Octo- 
ber 7, 1924 (J. A-315) and No. 1,658,305, issued Feb- 
ruary 7, 1928 (J. A-317). The earlier patent describes 
a process for extracting oil from oil bearing strata 
in which natural production or pressure flow has 
ceased, or from fields which have been flooded or 
invaded with salt water (J. A-315), a considerable 
and paying percentage of the oil-content thereof being 
recovered, by infiltration under pressure of a liquid 
carrying a gas, the gas being supplied to the bottom of 
the strata at a pressure sufficient to overcome the water 
pressure in any given situation (J. A-315). On ac- 
count of its availability water is employed as the liquid, 
and other gases than air, such as carbon dioxide, may be 
more efficacious (J. A-316). In addition it is disclosed 
that the gas, whatever it may be, might be dissolved in 
the liquid prior to the introduction of either into the 
formation (J. A-316). The later patent is an im- 
provement over the earlier one and includes the de- 
scription of a new method of combining the water and 
gas by alternately forcing each into the oil bearing 
strata (J. A-318), the mixture of the two taking place 
in the strata, the pressure used being much higher 
than the prevailing rock pressure (J. A-320). : 


451024—57——-2 
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(3) A publication of the American Institute of 
Mining and Metallurgical Engineers, entitled “Petro- 
leum Development and Technology in 1926” on the 
effect of dissolved gas upon the viscosity and surface 
tension of crude oil (J. A-329) which teaches among 
other things that viscosity is the most important 
physical quality of oil which retards its flow through 
the small irregular openings of the average oil sand, 
the quantity of oil flowing being inversely propor- 
tional to the viscosity, other conditions being constant 
(J. A-339); that carbon dioxide is extremely soluble 
in crude oil, being more soluble than other gases and 
producing the greatest reduction in viscosity at a 
given pressure (J. A-337); that rock pressures of 
1000 pounds per square inch or greater are not un- 
common in many oil fields and at such pressures that 
volume of gas dissolved in the oil should be at least 


twice as great as that obtained from laboratory ex- 
periments with pressures around 500 pounds per 
Square inch (J. A-333, 334). 


SUMMARY OF ARGUMENT 


1. The essential step of the process at issue is that 
of passing carbon dioxide into an oil bearing strata 
at an effective pressure of at least 600 pounds. The 
prior art relied upon to negative patentability dis- 
closes the use of ‘various gases under pressure for 
the recovery of oil from oil bearing sands or other 
formations, either as a secondary recovery operation, 
or even after such secondary operation. Carbon 
dioxide as a gas drive is mentioned in the Spindler 
patent and the Russell patents, the former stating 
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that pressures of 100 to 500 pounds or higher should 
be used, while the latter state that the pressure should 
be sufficient to overcome the water pressure at the 
bottom of the well, whatever that may be in any 
given situation. The opinion of the Patent Office 
experts was that in a well of a depth of 2000 feet, 
such wells being common in the art, the pressure 
would be in excess of 600 pounds per square inch. 
Appellant Martin admitted that in deep wells, such 
as those of depth of 2000 feet, the pressure at the 
bottom would be about 810 pounds. Since Russell 
teaches that the gas and water may be mixed in situ 
at the bottom of the well, and appellants do the same, 
it is evident that procedurewise there is no essential 
difference between appellants’ process and that dis- 
closed in the prior art. 

2. Appellants asserted that unexpected results wee 
discovered by using carbon dioxide at the high pres- 
sures claimed. Even conceding that unexpected re- 
sults were obtained the fact remains that one skilled 
in the art had available to him all the information 
necessary to carry out the process. The fact that 
earbon dioxide was extremely soluble in crude oil, 
that it is very effective in decreasing viscosity, and 
that viscosity is the most important physical char- 
acteristic of crude oil affecting its flow through an oil 
bearing sand were all known scientific facts. Inas- 
much as carbon dioxide at pressures in excess of 500 
pounds, even up to 800 pounds, was within the teach- 
ing of the Spindler and Russell patents, experimenta- 
tion with carbon dioxide at the high pressures claimed 
would have been no more than a natural development 
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in the art; and whether the results obtained are more 
than the expected is of no legal. moment. 

.. 3. Appellants’ assertion that criticality exists in thé 
use of carbon dioxide at the claimed pressures is not 
supported. by. the application disclosure or the facts. 
Criticality has. a specific meaning in the law of patents. 
Unless there is a point reached where a physical or 
chemical change takes place, and the difference is in 
kind instead of degree, criticality does not exist, and 
in the absence of criticality, there is no invention. 


THE ARGUMENT 


Since all the claims sought in the two applica- 
tions at bar were refused by the tribunals of the 
Patent Office on the same references, and the trial 
Court concurred in the conclusion of those tribunals 
that the claims at issue did not define patentable in- 
vention (J. A-349), consideration of claim 1 of appli- 
cation Serial No. 102,306 (J. A-75) should suffice 
to determine the question at issue as to all the claims. 
The method defined in this claim is a two step oper- 
ation, in which the first step is that of passing carbon 
dioxide into a subterranean hydrocarbon bearing for- 
mation at an effective pressure of at least 600 pounds 
per square inch to produce aa effluent containing 
hydrocarbons, and the second step that of recovering 
the hydrocarbons from the effluent. Inasmuch as ap- 
pellants admitted below that there is nothing novel 
in the second step, it being old and conventional 
(J. A-179), and admits here (Br-7, 8), that the 
Squires patent No. 1,249,323 (J. A-325) is of rela- 
tively little importance on the question at issue, it 


would appear evident that the essential feature of 
the claim, as pointed out by the Board of Appeals 
(J. A-178), is in the first step, i. e., passing carbon 
dioxide into the formation at a pressure of at least 
600 pounds per square inch. 

The concept of utilizing carbon dioxide as the gas 
drive in oil recovery operations was old in the art 
long prior to appellants’ entry into this field. The 
patent to Spindler suggests the use of carbon dioxide 
as the gas to be used in an oil recovery operation, 
stating that the compressible fluid, such as carbon 
dioxide, is introduced under pressure, the initial pres- 
sures being “quite substantial, varying up to 100 to 
500 pounds or higher” (J. A-312). Further, Spindler 
taught that when the flooding fluid was incompressible 
pressures varying up to 1800 pounds or greater could 
be used (J. A-311). Appellant, Martin, on the basis 
of these figures interpreted the Spindler disclosure 
to relate to operating with a “deep well” and that 
with such a well, when using gas as the flooding fluid, 
the initial pressure of 500 pounds at the well top 
would be in the neighborhood of 550 pounds at the 
bottom of the well (J. A-59). 

The patents to Russell likewise describe the use of 
both liquid and gas to repressure a spent well or for- 
mation, and it is indicated in the earlier patent that 
carbon dioxide as the driving gas is more efficacious 
than air (J. A-316) and that the gas used must be 
supplied under a pressure sufficient to overcome the 
water pressure at the bottom of the well, whatever 
that may be in any given situation (J. A-315). The 
examiner had stated that for ordinary wells of a depth 
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of 2000 feet, this pressure would be at least 600 pounds 
per square inch (J. A-174), and the Board of Appeals 
had expressed the opinion that this disclosure means 
that a pressure of approximately 400 pounds is used 
for a well of a depth of 1000 feet, and 800 pounds for 
a well of a depth of 2000 feet (J. A-181). Appellant, 
Martin, on cross examination, admitted that to over- 
come the water pressure in a deep well, i. e., one of 
2000 feet depth, the pressure of the gas at the bottom 
of the well would be about 810 pounds per square inch. 
(J. A-60, 61.) Clearly then, Russell’s process con- 
templates the use of pressures in excess of 600 pounds. 

Appellants concede that it was not new at the time 
of the filing of the applications at bar to flood a well 
with water or gas alone to effect secondary recovery 
(Br-4). In the light of these prior patents it is 
clear also that there was nothing new in the use of 
carbon dioxide as the driving gas. While appellants 
speak of their process as a tertiary recovery process 
(Br-4), implying that it is limited to those situations 
where a well is spent, after having primary and other 
secondary operations performed thereon, it is signifi- 
cant that appellants’ application states that the process 
may be applied to various types of fields, including 
those where natural or pressure flow is not exhibited, 
those which may be depleted, exhausted or abandoned, 
and those which do not lend themselves to economical 
recovery by the methods of secondary recovery here- 
tofore practiced (J. A-88). Moreover, it should be 
noted also that Russell speaks of utilizing his process 
to recover oil from fields in which the natural produc- 
tion or pressure flow has ceased, and from such fields 
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after they have been subjected to flooding (J. A-815). 
Obviously, Russell’s process may be a tertiary sia 
operation. 

Appellants challenge the pertinency of the Spindler 
disclosure on the ground that if he had used pressures 
of 600 pounds he would have discovered the sudden 
deviation in solubility of carbon dioxide in the oil 
and obtained an increased recovery. The failure to 
mention these facts and the failure of the industry 
to recognize them are said to be conclusive (Br-18). 
Further, appellants contend that there is no signifi- 
cance in Spindler’s disclosure of the use of pressures 
in the neighborhood of 600 pounds if it is allowed to 
fall off in the oil bearing sands (Br-20, 21). It 
suffices to say as to these contentions that appellants’ 
application speaks of using an initial pressure in 
excess of 600 pounds or even less (J. A-97) which 
may be dissipated in the formation (J. A-82), just 
as in the reference, and that the public is entitled 
to all the benefits and advantages which may be 
present and inhere in utilizing the teachings of the 
prior art disclosure. If as indicated in appellants’ 
application increased recovery begins at 125 pounds 
pressure (J. A-97) the public is not to be penalized, 
because appellants adopting the suggestion of Spindler 
used the higher pressures and noted the improvement 
in results. 

Appellants urge that the Russell patents do pat 
refer to any pressure as being critical and that the 
reference therein to the formation of bubbles shows 
clearly that pressures below 600 are used (Br-22). 
This same contention was made before the Patent 
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Office tribunals and before the Court below, but, as 
pointed out by the Board of Appeals (J. A~181), 
Russell’s theory of bubble formation is of no legal 
significance on the question at issue. In Russell 
1,511,067, the gas (earbon dioxide) is fed to water 
that had previously been introduced into the forma- 
tion so as to carbonate the water at the well bottom 
in situ. In Russell 1,658,305 carbonated water is fed 
to the formation at pressures higher than the pressure 
naturally occurring at the beginning of the process, 
and disclosed also is alternately forcing a liquid and 
a gas into the strata, under much higher pressure 
than the prevailing rock pressure of the strata. 
Since it is considered that in a well of a depth of 
2000 feet the pressure will be in excess of 800 pounds 
per square inch, it would appear evident that the 
same procedural operations are disclosed in those 
patents as are defined in the claims at issue. Mani- 
festly if appellants can also first prepare the car- 
bonated water or pass the gas and water concurrently 
or intermittently into the well to form the carbonated 
water in situ (J. A-91), just as in Russell, the mere 
fact that there are different theories advanced is im- 
material. The prior art discloses the same process 
steps. The steps comprising the process are the 
essential features for consideration in determining 
the right of appellants to a patent—In re Swain et al., 
33 CCPA 833, 154 F (2d) 118. It is the process and 
not its theory of operation which must meet the stand- 
ards for patentability Kissock v. Duquesne Steel Co. 
37 F (2d) 249; In re Fischer, 24 CCPA 1344, 91 
F (2d) 219; Alien et al. v. Coe 71 App. D. C. 324, 
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135 F (2d) 11. Therefore, where as here, the refer- 
ences and appellants’ application describe the same 
way of getting the gas to the formation, and the 
necessary result of operating that way is to obtain a 
pressure at the bottom of the well of at least 600 
pounds per square inch it is submitted that the finding 
of the trial Court that “experimentation with carbon 
dioxide at increased pressures would have been in- 
dicated to those skilled in the art’? (J. A-349) was 
reasonable and proper in view of these prior patents 
and that the process claims at issue do not define 
anything inventive or patentable over those patents. 

Appellants assert that the limitation in the claim 
to the use of carbon dioxide at an effective pressure 
of at least 600 pounds per square inch is critical, and 
that it clearly means that the carbon dioxide is passed 
into the formation while maintaining that pressure 
in order to produce an effluent which contains the 
hydrocarbon formerly trapped in the formation 
(Br-4). The discovery that solubility of carbon 
dioxide in the oil vastly increases above 600 pounds 
per square inch (Br-10) and that oil can be removed 
or recovered from sands containing it in unexpect- 
edly larger quantities when carbon dioxide is used 
at such pressures, are urged as the unpredictable 
advantages or results which should be the measure 
of invention in this ease (Br-13). 

With respect to appellants’ first contention i. e., 
the use of effective pressure of at least 600 pounds 
per square inch, and the meaning placed thereon by 
appellants, it should be noted that this contention ¥ was 
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thoroughly considered by the Board of Appeals, and 
the conclusion reached was that the specification of 
the application at bar fails to support the contention 
(J. A-183). The application states that in the utili- 
zation of the carbon dioxide under pressure, the pres- 
sure referred to “may be the initial pressure under 
which the carbon dioxide or fluid containing it, is 
introduced into the subterranean strata’”’ (J. A-81). 
Again on the next page it is stated that (J. A-82) 
The optimum pressure at the inlet wall is be- 
lieved to be of primary significance. It may be 
that there is some tendency for the pressure to 
dissipate itself, in some formations, in any event, 
but even so, in such cases the znitzal pressure 
head is believed to be a significant factor. Thus, 
the effective concentration of the carbon dioxide 
at the active “interface” appears to play a most 
important effect. Maintenance of pressure at 
the reactive zone is accordingly most desirable 
whether or not the pressure is maintained 
throughout the entire strata. (Italics added.) 
Even though the specification states that “for best 
results’? the pressure should be maintained in the 
strata (J. A-82) it is believed to be clear that the 
meaning attributed to the term “effective” lacks — 
antecedent support in the application as filed. In 
addition, it should be noted that the specification 
states specifically that pressures of less than 600 
pounds per square inch may be used. (J. A-97.) 
Insofar as appellants urge that the use of effective 
pressures about 600 pounds per square inch is critical, 
it is to be noted that the specification, as pointed out 
above, describes the use of pressures less than 600 
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pounds; that the superior effects of carbon dioxide 
in recovering oil starts at pressures of about 125 
pounds per square inch; and that at 600-650 pounds 
per square inch carbon dioxide recovery increases 
sharply reaching a maximum at about 950-1000 
pounds per square inch (J. A-97). Since the prior 
art relied upon teaches the use of pressures higher 
than the 125 pounds per square inch, where the 
superior results were said to start, namely, Russell 
where the pressure is 400 pounds for each 1000 ft. 
depth well, and Spindler where pressures of 100 to 
500 pounds or higher are disclosed, it is submitted that 
there is nothing critical in determining the pressures 
that give the best results. Only routine experimenta- 
tion would be needed. Mandell Bros. v. Wallace 335 
U. S. 291; Sonneborn Sons, Inc. v. Coe, 70 App. 
D. C. 97, 104 F (2d) 230. 

Criticality, as used in patent law, is not synonymous 
with invention. The mere location of the optimum 
conditions of a prior art process does not necessarily 
make these conditions critical, and does not constitute 
invention. Wallace v. Woolworth Co. (CCA-2) 133 
F (2d) 763, cert. denied 320 U. S. 739; American 
Potato Dryers Inc. v. Peters (CCA-4) 184 F (2d) 
165; Helene Curtis v. Sales Affihates 233 F (2d) 148. 
Only where a point or points are found at which 
some result differing in kind—and not merely in de- 
gree—from the results achieved by the prior art can 
there be said to be invention by virtue of criticality. 
As pointed out in Kwik Set Inc. v. Welch Grape Juice 
Co. 86 F (2d) 945, approved in Dow Chemical Co. v. 
Halliburton Co. 324 U. 8. 320; : 
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A patentee may not arbitrarily select a point 
in a progressive change and maintain a patent 
monopoly for all operations in that progressive 
chain falling on one particular side of that arbi- 
trarily selected point. It is only where the 
selected point corresponds with the physical 
phenomenon and the patentee has discovered 
the point at which that physical phenomenon 
occurs that the maintenance of a patent monopoly 
is admissible. 

Applying that rule to the instant case it would 
appear evident that the use of increased pressure 
produces increased yield, the yield at 600 pounds being 
more than that at 500, the yield at 700 being more 
than that at 600, and the yield at 810 being more than 
that at 700 (J. A-97). As pointed out by the Board 
of Appeals (J. A-182), the rate of increase in recovery 
between 600 and 700 is greater than between 500 and 
600, but the rate between 700 and 810 decreases 
materially from that between 600 and 700. While the 
increase between 600 and 700 is greater than between 
500 and 600 it is not a sudden change, but only a 
gradual change. The point selected by appellants, 
i. e., 600 pounds per square inch pressure, is an 
arbitrary one. The results obtained differ in degree 
only from those which are obtained by operating at 
lower pressures, namely 500 and 550 pounds, which 
is clearly within the teaching of the prior art. Under 
the established law, the limitation to the use of pres- 
sures of 600 pounds is not critical. 

Insofar as appellants rely upon the alleged dis- 
eovery of the increase in solubility of the carbon 
dioxide in oil at pressures above 600, and the unex- 
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pected increase in oil production because of that, it 
should be noted that the chart by Beecher and Park- 
hurst (J. A-54) shows without question that those 
skilled in the art know that of the gases normally 
used in recovery operations carbon dioxide was most 
soluble and that the solubility increased at a rapid 
rate with increase in pressure. As indicated there the 
volume of gas dissolved in the oil in the formations, 
where rock pressures of 1000 pounds or greater are 
not uncommon, should be at least twice as great as 
that shown in the graph around 500 pounds pressure 
(J. A-333, 334). While appellants found that solu- 
bility was even greater than that which might be 
predicated from the graph by extrapolation (J. A-39), 
and appellants’ exhibit 17 (J. A-304) was relied upon 
to prove the unexpected nature of the increase in 
solubility, that fact is of no significance on the ques- 
tion of patentability, since if it is obvious to one 
skilled in the art to use the higher pressure, as ap- 
pellee asserts it is in view of the teachings of the prior 
art, the fact that the results obtained are better than 
that which might have been predicted or unexpected, 
does not convert the obvious into the unobvious. 
Sinclair & Carroll v. Interchemical Corp., 325 U. 8. 
327; Rembert et al. v. Coe 78 U.S. App. D. C. 51, 136 
F (2d) 793; Dow Chemical Co. v. Coe, 76 U. S. App. 
D. C. 317, 132 F (2d) 577; In re Gauerke 24 CCPA 
725, 86 F (2d) 330. The fact that better results are 
obtained does not necessarily spell invention. Mills 
v. Watson, 96 U. S. App. D. C. 48, 223 F (2d) 335. 

In the ultimate analysis the real question on this 
phase is what did appellants do that is so different 
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from the prior art that it would be so unobvious to 
workers skilled in the art that it amounted to invention ? 
Or in other words is the change or jump so significant 
a one that invention is indicated? Marconi v. U. S., 
320 U. S. 1. Moreover, as pointed out by the trial 
Court, appellants have not sustained the burden of 
proof, and have not rebutted the presumption of 
correctness attaching to the denial of their claims 
by the administrative agency—MUagnaflux Corp. v. Coe, 
78 U.S. App. D. C.—a presumption which is fortified 
by the holding of the trial Court in the instant case 
that the discovery of the enhanced usefulness of 
carbon dioxide at pressures in excess of 600 pounds 
was but a natural development. Abbott v. Coe, 71 
App. D. C. 195, 109 F (2d) 449. 


CONCLUSION 


It is respectfully submitted that the claims sought 
in the two Martin et al., applications at bar are un- 
patentable under the law; that the conclusion reached 
by the Patent Office tribunals and the District Court 
that the claimed process is unpatentable over the dis- 
closure of the prior art relied upon was correct and 
has a rational and reasonable basis in the record; and 
that the decision appealed from should be affirmed. 

Respectfully submitted. 

CLARENCE W. Moors, 
Solicitor, U. S. Patent Office. 


J. SCHIMMEL, 
Of Counsel. 
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Gnited States Court of Appeals 


FOR THE DISTRICT OF COLUMBIA CIRCUIT 


Appeals Nos. 14153 and 14154 


Janens Maree axo Frnomcr A. Hasor, Jouw B. Rost axp 
Tevine P. Hamer, APPELLANTS | 
OP : 
Rosert. C. Watson, CoMMISSIONER OF PaTENTs, APPELLEE 


APPEALS FROM THE JUDGMENTS OF THE UNITED SPATES 
DISTRICT COURT FOR THE DISTRICT OF COLUMBIA | 


ANSWER TO PETITION FOR REHEARING i 


Appellee, the Commissioner of Patents, opposes 
appellants’ petition for rehearing in these cases be- 
cause appellants’ ‘‘new approach’’ (Petition for Re- 
hearing, 2 and 3), which is offered to help the Court 
in ‘‘reexamining the case,’’ involves an attempt | at 
factual distinction which: | 

(a) finds no proper basis in the claims or the 
record ; 

(b) is inconsistent with the disclosures of 
appellants’ applications; 

(¢) provides no actual distinction over the 
prior art. 

(a) Appellants in their ‘‘new approach”’ ask the 
Court to accept their theory that the ‘‘interface’’ or 
“reaction zone”’ is the “‘trailing face’’ of a wall or 
bank of viscous oil which, they assert, ‘‘can be tinea 
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of as a sealed container which is expansible” and is 
“quite similar to a balloon gradually expanding in 
size’ (Petition for Rehearing, 3). Then, to aid ap- 
pellants’ theoretical conception, the Court is asked 
(Petition for Rehearing, 4) to take judicial notice of 
the fact that the pressure within a closed vessel is 
exactly the same at every point therein. Appellants 
attempt to relate their conception of a “‘trailing face’’ 
reaction zone or interface to the issue of these cases 
by a quotation from their applications (Petition for 
Rehearing, 2) which indicated that-maintenance of 
pressure ‘‘at the reactive zone’’ is most desirable be- 
cause the concentration at the ‘‘active ‘interface’ ”’ 
appears to play a most important “‘effect.”’ 

It would seem that a petition for rehearing pro- 
vides no proper occasion for inviting this Court to 
make initial findings of fact as to the manner in 
which carbon dioxide drives oil at high pressures 
through subsurface oil sands or as to asserted anal- 
ogies between the expansion of gases in free space 
balloons and the flow of carbon dioxide and oil through 
the interstices of oil formations. If, as appellants 
now urge (Petition for Rehearing, 4), the “‘pressures 
of 600 Ibs. and higher are critical pressures which by 
appellants’ process must be created and maintained 
at the ‘interface’ or in the reaction zone in order to 
get the benefits of their invention,” this ‘‘criticality’’ 
as to point of application is not mentioned in the 
claims. Appellants’ claims (J. A. 75 and 76) specify 
merely that the treatment comprises ‘“‘passing carbon 
dioxide into the formation at an effective pressure of 
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the carbon dioxide of at least 600 p. s. i. to increase 
the solubility of the carbon dioxide in the hydrocar- 
bons present.’’ [‘‘Effective pressure of the carbon 
dioxide’’, as used in the claims, has no connotation 
of a specific point of application in the formation 
since the expression refers to the “‘partial pressure of 
earbon dioxide;” see quotation in Board’s decision 
from appellants’ brief before the Board (J. A. 183).] 
Appellants’ argument that their process involves 
application of pressure at a specific and critical reac- 
tion zone locus within the hydrocarbon bearing forma- 
tion finds no support in the testimony of appellants’ 
expert witness, in the trial court’s findings of fact 
(J.A. 350), or in appellants’ proposed alternative 
findings of fact. (J.A. 355). | 
(b) Appellants’ present contention that it is critical 
in appellants’ process that the pressures of 600 Ibs. 
and higher be “created and maintained at the ‘inter- 
face’ or in the reaction zone’’ (Petition for Re- 
hearing, 4) is inconsistent with the disclosure of 
appellants’ applications. The quotation from an ap- 
pellants’ specification (J.A. 82) appearing in the 
Petition for Rehearing (page 2) specifies, for in- 
stance, that the “present invention therefore covers 
the use of carbon dioxide at the pressures indicated, 
both as an initial pressure applied to the stratum 
from the inlet zone or well, in addition to mainte- 
nance of such pressures throughout the strata, and 
any combination of operations including either or 
both of these expedients” [Emphasis supplied]. This 
recitation of useful alternatives rebuts any argument 
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that the pressures referred to in the claim must, as 
a critical and necessary feature of appellants’ process, 
be applied to a reaction zone or moving interface. 
The assertion in the previous sentence in the quota- 
tion that maintenance of pressure at the reactive zone 
is “most desirable,’’? considered in this context, is a 
mere expression of preference and therefore not a 
description of a critical feature. In re Britton, 28 
CCPA 726, 730; 115 F. 2d 249, 252. 

Moreover, the quotation from an appellants’ spec- 
ification (Petition for Rehearing, 2) omits the preced- 
ing sentences in the same paragraph (J.A. 82) which 
read as follows: 

“The optimum pressure at the inlet well is 
believed to be of primary significance. It may 
be that there is some tendency for the pressure 
to dissipate itself, im some formations in any 
event, but even so, in such eases the initial 


pressure head is believed to be a significant 
factor.”’ 


These statements are inconsistent with any theory 
that appellants’ applications disclose that the appli- 
cation of pressure at a moving active interface is of 
critical significance. Moreover, the statement that 
“there is some tendency for the pressure to dissipate 
itself”? makes dubious appellants’ proposal (Petition 
for Rehearing, 4) that the Court take judicial notice 
that pressure within a closed vessel (and, inferen- 
tially, the pressure within appellants’ theoretical ‘‘oil 
bank balloon’’), is exactly the same at every point 
therein. 
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(c) Even if appellants’ present contention as to the 
criticality of the application of the pressure “of at 
least 600 p. s. 1.’’ at a trailing face reaction zone were 
based on limitations expressed in the claims and dis- 
closed in appellants’ applications, there still would be 
no reason to believe that application of the noted 
pressure at a “reaction zone”? would involve a real 
distinction over the prior art. The patent to Spin- 
dler indicates (J. A. 312, first column, lines 26 to 51) 
that the ‘‘initial pressure”’ of the carbon dioxide (or 
other named gases) is ‘‘quite substantial varying up 
to 100 to 500 Ibs. or higher,’’ and that the pumping 
“is continued for several days or even several months 
to build up the desired pressure in the sand.’’ This 
is a disclosure of the application of high pressure to 
the actual oil formation which is the passing of car- 
bon dioxide ‘“‘into the formation” referred to in ap- 
pellants’ claims and discussed in the Court’s per 
curiam decision. If on the basis of, or in spite of, 
appellants’ disclosure (J. A. 82 or 197 and 198) that 
the initial pressure head at the inlet well is of pri- 
mary significance, appellants may allege the critical- 
ity of the application of the 600 pounds per squate 
inch pressure to a reactive zone or trailing oil inter- 
face, the disclosure of Spindler must provide at least 
as good a basis for such an allegation. Similarly, 
the well hole pressures of carbon dioxide sufficient to 
overcome the water pressure in a deep well, applied 
in the Russell patents (drawings J. A. 314 and 317), 
should produce the same consequences as appellants’ 
inlet well pressures. | 


| 
| 
i 
| 
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It is submitted, accordingly, the appellants’ ‘“‘new 
approach”’ provides no proper basis on which to grant 
appellants’ petition for rehearing and that the peti- 
tion should be denied. 


Respectfully submitted. 


CLARENCE W. Moore, 
Solicitor, United States Patent Office, 
Attorney for Appellee. 
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